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Introduction
1.1 Research Questions and Motivation
The Federal Reserve (Fed) tightened its monetary policy in 2004 for the ﬁrst time
in the aftermath of the dotcom bubble burst and 9-11, when the economies of the
United States and Europe recovered from recession. Anticipating that the period
of cheap money is over and the American consumer will be more reluctant to buy
on credit, German and French labor unions (LUs) mainly in the export oriented car
manufacturing industries agreed to wage freezes and longer working hours. The Fed’s
rate hikes ended a period of zero percent interest on loans for car purchases. Instead
of simply appreciating the dollar with a beneﬁcial eﬀect on European companies, the
Fed’s move raised expectations that monetary policy will be tighter in Europe too
as inﬂationary pressures mounted. Although the European Central Bank (ECB) did
not raise interest rates until December 2005, ﬁnancial markets expected tight future
monetary conditions in the euro area and the euro strengthened against the dollar.
T h es t r o n ge u r oi n c r e a s e dt h ed i ﬃculties faced by European exporters in the American
market and put pressure on European LUs, such as IG Metall.
T h es e c t o r st h a ta r em o s te x p o s e dt ot h er e a c t i o n so ft h ef o r e i g nC Ba r et h e
manufacturing industries, which produce tradable goods. The LUs in manufacturing
industries have been experiencing slower real wage growth than other sectors. There
is a controversy among trade economists whether the cause is competition from low
wage countries.1 Our hypothesis is that LUs in the export oriented manufacturing
1See e.g. Krugman and Lawrence (1993) who argue against a broad consensus of opinion in policy
circles that attributes the low growth of real wages in manufacturing to competition from international
trade.
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industry face an additional deterrent from the foreign CB, which has no concern for
their unemployment but only for the imported inﬂation they create. Calmfors (2001)
notes that IG Metall will probably not be the future leading LU in Europe, as an even
larger new LU has been formed in the service sector in Germany. This also shows that
LUs in the export sector, which are exposed to foreign monetary policy reactions, are
under greater strain than LUs in other sectors. While our hypothesis does not provide
an explanation for the decline of manufacturing in US and Europe, the relatively low
real wage growth in manufacturing is consistent with our model.
A well known example lends further support to our hypothesis. In 1979 the new
chairman of the Fed, Paul Volcker, increased the emphasis on taming inﬂation, that
is, increased the degree of conservativeness of the Fed. This moment coincides in
Europe with the start of a process that curbed the aggressiveness of LUs, as in the
case of the United Kingdom where the power of LUs was signiﬁcantly reduced under
the government of Margaret Thatcher. The Fed’s anti-inﬂationary move was matched
by decisive tightening from the Bank of England. The possible reason is that neither
of the central banks (CBs) allowed their exchange rate to depreciate, which would
have worsened the already high inﬂation caused by the oil shock. Consistently with
these historical events, our model of Chapter 2 shows that a raise in the degree of
conservativeness of the foreign CB moderates the aggressiveness of home LUs’ wage
demands.
The tight monetary policy of the Bank of England was also in response to the Fed’s
monetary policy and that increased the fears of unemployment. The ﬁnal augmented
reaction of the Bank of England includes also the threat of the Fed. Hence, to perceive
unemployment fears, it is suﬃcient for a LU to internalize the ﬁnal augmented reaction
of the domestic CB to the LU’s own wage increase, and it is not necessary to internalize
the foreign CB’s reactions together with the domestic CB’s best response.
Negotiations between LUs and ﬁrms are often intermediated by the government.
Our hypothesis is more compelling if we think of the CB-LU interactions as CB-
government-LU interactions. That is, the CB and the economy aﬀect the political
agenda and the government tolerates or not the aggressiveness of LUs.2
In a ﬁxed exchange rate regime, just as in the ﬂoating regimes above, foreign
wage deterrence plays an important role. According to Calmfors (2001, p. 335),
in the European Exchange Rate Mechanism (ERM) the interaction of wage setters
2As Calmfors (2001) notes, governments may inﬂuence LUs by using moral suasion. In the thesis
we do not model interactions with the government, but to fully capture such interactions an explicit
model would be necessary.1.1. RESEARCH QUESTIONS AND MOTIVATION 3
with the Bundesbank may have deterred wage increases in Austria, Belgium, France,
Luxemburg and the Netherlands, which pegged their currencies to the German mark.
Calmfors (2001) reports that wage growth was weaker in the pegging countries in
the ERM than in Germany during the 1990’s, which he ﬁnds inconsistent with the
predictions of closed economy models such as Soskice and Iversen (1998).3 As we show
in Chapter 4, this evidence is consistent with a stronger deterrence in the pegging
countries than in the leader country in an open economy, as there is no concern from
the Bundesbank for the pegging countries’ unemployment rate and the only concern
is inﬂation imported into Germany. In these pegging regimes as well as in the ﬂoating
regimes discussed above, the threat of the Bundesbank is delivered by the domestic
pegging CB, which has the same reactions as the Bundesbank in order to maintain the
exchange rate ﬁxed.
Hence, we identify three arguments why the foreign CB’s reactions are internalized
by LUs. (i) Financial markets anticipate and react to expected monetary policies, so
that LUs are confronted with those anticipations in the market. (ii) Intermediation by
the government may coordinate LUs. (iii) The unemployment fears of LUs are aﬀected
by the augmented reaction of the domestic CB, which actually delivers t h et h r e a to f
the foreign CB.
In contrast with the ﬂoating and pegging regimes, within a monetary union (MU)
there is no foreign wage deterrence. The EMU was formed in 1999 by ﬁxing the
national currencies at irrevocable exchange rates and by transferring the authority for
monetary policy operations to the ECB. Further enlargement of the EMU is expected
with Slovenia in 2007 and other new EU countries are seeking the most appropriate
exchange rate regime before the run-up to EMU membership.4 Controversy surrounds
the beneﬁts of the EMU both in the literature and in the policy debate. Countries
such as Denmark or the United Kingdom did not join the EMU and chose diﬀerent
exchange rate regimes, Denmark maintains a peg to the euro and the United Kingdom
ﬂoats to the euro. The variety of monetary regimes that coexists suggests that the
beneﬁts and costs of monetary regimes diﬀer across countries. In the words of Frankel
(1999), no single currency regime is right for all countries or at all times. Chapters
3 to 6 of this thesis employ the mechanism of strategic interactions between CBs and
LUs to investigate the merits of the regimes of ﬂoating, pegging and the MU.
3Calmfors (2001) ﬁnds that only the data for the 1980s is consistent with the existing models of
pegging. However, we consider the data after 1990 as more relevant, when the Delors Report was
implemented, preparations for the creation of the EMU advanced and there was more emphasis on
exchange rate stability.
4See the policy papers by Szapary (2001) and Schroeder (2003).4 CHAPTER 1. INTRODUCTION
The thesis models economies open to trade and capital ﬂows, but not open to labor
movements. There is monopolistic competition in the product markets and labor is
unionized. Monopolistic competition rationalizes demand-determined output and the
demand channel of transmission of monetary policy, because with prices set above
marginal cost, ﬁrms are not losing money on additional production. The non-atomistic
nature of the market players gives rise to strategic interactions in the economy, which
depend on the type of the monetary regime. The monetary authority is constrained
by the trilemma of choosing no more than two out of three features for the economy:
(i) free capital mobility, (ii) ﬁxed exchange rates and (iii) an independent monetary
policy; see Frankel (1999), Bernanke (2005) and Obstfeld, Shambaugh and Taylor
(2005). Since in our open economy there is free capital mobility, the dilemma is
between the latter two features of policy.
1.2 Related Literature
The early literature on the topic of strategic monetary policy interactions features
either a supply or a demand side view of monetary policy, but the more recent literature
nests the two views together. The two views provide two diametrically opposite results
regarding the eﬀects of CB conservatism on unemployment. The supply side view is
represented by models with a supply channel of transmission and with inﬂation averse
labor unions, which yields that unemployment increases in CB conservatism. The
reason is that a conservative CB keeps low inﬂation and that reduces fears of inﬂation
by labor unions, which bid up the wage. Models in this category are Skott (1997),
Cukierman and Lippi (1999), Guzzo and Velasco (1999, 2002), Lawler (2000) and Lippi
(2002).
On the other hand, the demand side view, represented by Soskice and Iversen
(1998, 2000), abstracts from the inﬂation aversion of labor unions. They obtain that
CB conservatism reduces unemployment, because a conservative CB does not accom-
modate unemployment problems and that increases fears of unemployment. Increased
fears moderate labor unions’ wage demands.
A third group of models incorporate both supply and demand channels of trans-
mission, but abstract from inﬂation aversion by labor unions. Hence, CB conservatism
decreases unemployment, because only unemployment fears moderate wage demands,
and not inﬂation fears; see Bratsiotis and Martin (1999) for a closed economy and
Coricelli, Cukierman and Dalmazzo (2004), which we shall denote by CCD, for an1.2. RELATED LITERATURE 5
open economy. CCD (2004) stands out in the literature as the only open economy
model of a monetary union.
A fourth type of model is represented by CCD (2006), which nests the previous
three types of models together: it incorporates both supply and demand channels of
transmission and in addition it incorporates inﬂation aversion by labor unions. In
the presence of inﬂation aversion the CB transmits both fears of unemployment and
fears of inﬂation. In such a model unemployment is a hump-shaped function of CB
conservativeness. This is a result that combines the eﬀects characteristic to the various
earlier models in the literature. See also Cukierman (2004) for a survey of these types
of models.
The framework used in the thesis ﬁts into the third group of models and it is
based on a deterministic version of CCD (2004). This framework features both supply
and demand channels and in addition, it incorporates a foreign exchange channel of
monetary policy transmission. The foreign exchange channel is the mechanism by
which the CB aﬀects both the supply and demand of goods through its inﬂuence
on relative wages and relative prices. It carries the features of the CCD (2004) model
regarding the inverse relationship between domestic CB conservativeness and domestic
unemployment, even with two national monetary authorities. Furthermore, it also
features an inverse relationship between home unemployment and the conservativeness
of the foreign CB.
CCD (2004) brings a number of improvements to previous studies of the topic in
the literature. (i) Nominal rigidity stems from nominal wage rigidity while allowing for
price ﬂexibility. Although the assumption of sticky prices has been recently revived
by the Neokeynesian literature, e.g. Clarida, Gali, Gertler (1999), it faces strong
controversy in the view of classical economists. A recent study by Aucremanne (2004)
supports the view that wages are more rigid than prices. (ii) In contrast to some of the
existing literature, the CB controls the money supply directly,5 instead of controlling
the inﬂation rate directly, and price setting is left to ﬁrms. The model framework of
the thesis inherits these improvements from CCD (2004).
Inherited from CCD (2004, 2006), in our two country framework the microfoun-
dations are deeper than in the Mundell (1963) and Fleming (1962) model but not as
deep as in the Obstfeld and Rogoﬀ (1995) model. In our model the supply side is mi-
5The choice of the instrument of monetary policy is relevant in this framework. The classic result
by Poole (1970) shows that the policymaker is indiﬀerent between choosing the money supply or the
interest rate, provided there is no uncertainty. However, Canzoneri and Henderson (1989) show that
in a macroeconommic game with two policymakers the choice of the instrument matters even under
uncertainty.6 CHAPTER 1. INTRODUCTION
crofounded on monopolistic competition, which is similar to the Obstfeld and Rogoﬀ
(1995) model. However, the demand side is founded on the demand function of the in-
dividual consumer and not on the utility of the consumer. This intermediate approach
to microfoundations makes it easier to relate the results of the thesis to concepts and
data utilized by policymakers. Although this approach does not allow for a utility
based welfare analysis, loss function based welfare analysis is feasible in our model,
since the CB and society have Barro and Gordon (1983), Kydland and Prescott (1977)
type preferences. For example, in Chapter 2 we ﬁnd that the welfare of society is lower
i nt h eM Ut h a ni nt h eﬂoating regime as both inﬂation and unemployment increase.
Furthermore, monetary policy in the Mundell-Fleming and Obstfeld-Rogoﬀ models is
exogenous, whereas in our model it is endogenous.
Another advantage of employing the CCD (2004, 2006) framework in contrast to
the redux framework of Obstfeld and Rogoﬀ (1995) is that it endogenizes wage rigidity.
In the redux type models prices or wages are arbitrarily ﬁxed for one period. However,
in a CCD type model nominal wages are set before monetary policy in a Stackelberg
leadership game and prices are ﬂexible.
1.3 Outline of the Thesis
The thesis presents an open economy framework for the analysis of strategic interac-
tions among LUs and CBs in two countries. Each chapter of the thesis builds naturally
on the preceding chapters.
Chapter 2 lays the foundations of the thesis by developing a two-country model of
a ﬂexible exchange rate regime. The contribution of this model to the literature is the
analysis of the strategic interactions of LUs with more than one CB. The model shows
the following results: (i) Monetary policy does not have a beggar-thy-neighbor eﬀect
on foreign output due to the best response of the foreign central bank. (ii) Although
the aggressive wage demands of labor unions create competitive beneﬁts to the foreign
country, monetary policy wipes out those beneﬁts and creates a net reduction in the
output of the foreign country. (iii) The high conservativeness of a central bank is
shown to be beneﬁcial for the foreign country.
Chapter 3 investigates the economic consequences of replacing a ﬂexible exchange
rate regime with a monetary union in an open economy. It shows that the Phillips
curve is ﬂatter in the monetary union and therefore, the common CB is more accom-
modative. In addition, the removal of an independent foreign CB weakens the foreign1.3. OUTLINE OF THE THESIS 7
deterrence of home wage demands. As a result, the member countries of the MU ex-
perience higher unemployment and inﬂation rates. Assuming that labor unions have
asymmetric anticipations and do not perceive deterrence from abroad, the eﬀect of a
ﬂatter Phillips curve still produces higher inﬂation in the MU, but output and trade
increase, provided that CB conservativeness is relatively high.
Chapter 4 looks at the merits of a pegged exchange rate regime with respect to
a ﬂoating exchange rate regime and a MU. The country that chooses to peg instead
of ﬂoating, abandons its domestic monetary policy objectives and that yields beneﬁts
or losses depending on country characteristics, such as country size and CB conserva-
tiveness. Output is higher in the pegging country if it is large and conservativeness is
low. A country that is large, has a considerable domestic inﬂuence on the interest rate
under ﬂoating, but under pegging it subordinates that inﬂuence to foreign monetary
policy, which is more deterrent for the home LUs.
A MU between countries that had a ﬁxed exchange rate arrangement produces
beneﬁts to the leader and losses to the follower country; this is diametrically opposite
to the results in Soskice and Iversen (1998), Gruner and Hefeker (1999) and Cukierman
and Lippi (2001). The reason is that the common monetary policy is less accommoda-
tive to local unemployment problems than the domestic monetary policy, and that
deters wage demands in the leader country. On the other hand, the common mon-
etary policy is more accommodative to the follower’s unemployment problems than
the active monetary policy of the leader, and that provides incentives for higher wage
demands in the follower country.
Chapter 5 considers the coexistence of pegging and ﬂoating exchange rate regimes
and the transformations that take place with the introduction of a common currency.
Currently, within the EU there are several exchange rate regimes in place, including
ﬂoating, pegging as well as a MU. This fact is reﬂected in a three country open econ-
omy model in which one country ﬂoats its currency and another country pegs to a
leader country. When pegging and ﬂoating exchange rate regimes coexist, the ﬂoating
country’s monetary policy may accommodate the leader country’s LUs. The reason is
that the ﬂoating country has to react against the appreciation of two exchange rates,
the leader’s and the pegging country’s, in response to the domestic accommodation
of a suﬃciently populist leader CB. We ﬁnd that the MU may be beneﬁcial for the
leader country, but worse for the other countries. As it turns out, the impact of the
MU among ﬂo a t i n ga n dp e g g i n gc o u n t r i e si st h ec o m p o s i t eo ft h ee ﬀects in standalone
regimes.8 CHAPTER 1. INTRODUCTION
Chapter 6 shifts the focus on countries outside a MU. The future enlargement of
the EMU will aﬀect the strategic economic interactions with countries that remain
outside the EMU. We use a three country model, in which two countries form a MU
and one country does not accede. We show that there is an adverse eﬀect on the
output and exports of the pegging neighbor. The model also shows that a ﬂoating
neighbor country is not aﬀected by the creation of a MU between members that had
a ﬁxed exchange rate arrangement.
Chapter 7 presents a stochastic version of the model in Chapter 2. We investigate
how optimal monetary policies under ﬂoating regime react to supply and demand
shocks. The optimal monetary policy reactions to productivity shocks may explain
the output anomaly of Backus, Kehoe and Kydland (1993), that the correlation of
output is higher than that of productivity shocks. The optimal monetary reactions
reverse the eﬀect of demand shocks on foreign output, that is a ﬁscal expansion has a
beggar-thy-neighbor eﬀect.
1.4 Conclusions
The thesis contributes to the existing body of literature with a two country framework
on the strategic interactions between CBs and LUs. In this framework we investigate
the economic consequences of creating a monetary union, such as the EMU, as well
as the merits of ﬂexible and ﬁxed exchange rate regimes. The thesis approaches these
questions by modeling explicitly the exchange rate mechanism and the wage deterrence
of LUs by both home and foreign monetary policies. The importance of our approach
may be seen in contrast with most of the literature, which does not model the exchange
rate mechanism explicitly as it assumes closed economies and ﬁnds diametrically op-
posite results of replacing the regime of pegging with a MU. The regime change from
ﬂoating to MU is shown to reduce output, which is supported by most of the existing
literature, but the mechanism that leads to this result diﬀers. While the creation of
the EMU may produce overall net beneﬁts6 through other mechanisms, the analysis
of the strategic interactions mechanism in this thesis reveals the costs incurred by
countries that replace a ﬂoating or a pegging currency with a common currency. Only
the leader country beneﬁts from abandoning its national monetary policy. The pres-
ence of optimal monetary policy reverses several results found in models that assume
6Baldwin (2006) estimates that the EMU increased intra-Eurozone trade by 5 - 10 percent on
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exogenous monetary policy: due to the foreign central bank’s best response, home
monetary policy is not beggar-thy-neighbor, a ﬁscal policy shock becomes beggar-thy-
neighbor and uncorrelated productivity shocks generate positively correlated output
across countries.10 CHAPTER 1. INTRODUCTIONChapter 2
Strategic Interaction Between




There is a burgeoning literature on the strategic interaction between domestic mone-
tary policy and domestic unionized labor market institutions.1 However, the literature
does not address strategic interactions among home and foreign central banks (CBs)
and home and foreign labor unions (LUs). This is due to the fact that most of these
models assume a closed economy setting. A notable exception is Coricelli, Cukierman
and Dalmazzo’s (2004) open economy model. However, in their model the economy is
open exclusively within a monetary union and therefore, it cannot allow for interactions
between monetary authorities.
Strategic interactions between the national monetary policies of two countries in-
ﬂuence the wage setting behavior of labor unions and consequently, the countries’
macroeconomic performance. Consider, for example, the recent strength of the euro
against the U.S. dollar, in part due to the markets’ anticipations of the Federal Re-
serve’s and the ECB’s policies, that has contributed to wage freezes and longer working
1See Skott (1997), Soskice and Iversen (1998, 2000), Bratsiotis and Martin (1999), Cukierman and
Lippi (1999), Guzzo and Velasco (1999, 2002), Lawler (2000), Lippi (2002), Coricelli, Cukierman and
Dalmazzo (2004, 2006).
1112 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
hours in Germany and France.2 That is, labor unions’ wage demands are aﬀected by
the exchange rate, which reﬂects the ﬁnancial markets’ anticipations about home and
foreign monetary policy. Hence, it is likely that LUs in the export sector adjust their
wage demands according to the expected foreign monetary policy reactions.
But does the expected foreign monetary reaction increase or decrease home wage
demands? According to the beggar-thy-neighbor eﬀect of monetary policy, a foreign
monetary policy tightening depreciates the home currency and reallocates production
towards the home country. Thus, a foreign monetary tightening on its own improves
economic activity in the home country, reduces unemployment fears for home LUs
and induces more aggressive home wage demands. However, we show that the best
response of the home CB reverses the impact of the foreign monetary contraction on
home economic activity. The home CB reacts to inﬂation caused by the exchange
rate depreciation by tightening home monetary policy to an extent that it reduces
home economic activity. Therefore, foreign monetary policy tightening increases home
unemployment and it moderates the home LUs’ wage demands.
The existence of aggressive LUs in Europe creates high labor costs for European
companies and that might seem beneﬁcial for the competing US economy. However,
the present model shows that the eﬀect on competitiveness is dominated by the eﬀect
of monetary policy reactions. European wage demands fuel US inﬂation and the Fed
keeps a tight monetary policy, which reduces economic activity in the US. Therefore,
aggressive LUs in Europe actually hinder US economic growth.
The chapter deepens this analysis by investigating how the design of the monetary
institution aﬀects the other country’s economy. Although the above literature investi-
gates the impact of domestic CB conservativeness, it does not investigate the impact
of foreign CB conservativeness on the home economy. We ﬁnd that foreign CB con-
servativeness improves economic performance for the home country. The foreign CB
reacts against home wages to curb inﬂation and transmits threats of unemployment
against home LUs through two channels: (i) directly by raising the world real interest
rate and (ii) indirectly, by aﬀecting the terms of trade, which induces the home CB to
tighten. Foreign wage deterrence reinforces the domestic wage deterrence through the
two CBs’ best response strategies to each other, provided the two countries’ money
balances are so-called strategic complements, that is tightening by one CB induces
2Based on the recent strength of the euro, The Economist writes: "Last year and this, most of
these companies had reached a point at which only a reduction in their labour costs would support
continued production on their home soil. [...] IG Metall, once Germany’s most powerful trade union,
had little choice but to go along." (The Economist, "Ready to Motor?", Aug. 18, 2005)2.2. THE MODEL 13
tightening by the other CB.
The present chapter builds on the model of a monetary union by Coricelli, Cukier-
man and Dalmazzo (2004), which we shall refer to as CCD, and extends it into a
ﬂoating regime with two CBs. The CCD (2004) model represents a leap ahead of ear-
lier models as it integrates the supply and demand channels of monetary transmission.3
It assumes price ﬂexibility and endogenous nominal wage rigidity. These features are
inherited in our present model.
The structure of the chapter is as follows. Section 2 introduces the model. Section 3
presents the markets for goods, money and labor. Section 4 investigates the equilibrium
mechanisms in these markets with given money supplies and nominal wages. Section 5
describes the optimal monetary policies. Section 6 describes the optimal wage setting
behavior of labor unions. Section 7 presents the conclusions. Some of the derivations
a n dp r o o f so fp r o p o s i t i o n sa r ep r o v i d e di nt h eA p p e n d i x .
2.2 The Model
2.2.1 The Timing of the Game
The interactions among the central banks (CBs), ﬁrms and labor unions evolve in a
three stage game as follows:
Stage 1. Labor unions set nominal wages
Stage 2. The CBs simultaneously set the money supply in two countries
Stage 3. Firms set prices
T h i st i m i n go ft h eg a m ei sj u s t i ﬁed by the following.4 In stage 1, nominal wages
are ﬁxed in contracts over the entire period of the game, so that they cannot change in
response to money balances and prices. Monetary policy is more ﬂexible, as it reacts
in stage 2 to wages, but not as ﬂexible as prices, that are set in stage 3 by ﬁrms in
response to any change in the economy.
T h eg a m ei ss o l v e dw i t hb a c k w a r di n d u c t i o n . I nt h et h i r ds t a g eo ft h eg a m ew e
consider the problem of ﬁrms given wages and the money supply. In the second stage
money balances are endogenized while wages are still considered given. In the ﬁrst
3The supply side view is represented by Skott (1997), Cukierman and Lippi (1999), Guzzo and
Velasco (1999, 2002), Lawler (2000) and Lippi (2002). On the other hand, the demand side view is
represented by Soskice and Iversen (1998, 2000). Both supply and demand side views are integrated
in Coricelli, Cukierman and Dalmazzo (2004, 2005) (CCD). See also Cukierman (2004) for a survey
of the models.
4In choosing this timing we follow CCD (2004, 2006).14 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
stage wages are endogenized as well and the general equilibrium is revealed.
2.2.2 Price Indices
There are two countries of size s1 ∈ (0,1) and s2 =1− s1, respectively, where s1 and
s2 measure the mass of ﬁrms that exist in the two countries. This is also the mass of
consumers in the two countries. Each ﬁrm is the single producer of a diﬀerentiated
product indexed j ∈ [0,s c] for country c =1 ,2.
There are nc labor unions in country c,i n d e x e di =1 ,...,n c, and they represent the
labor force at several ﬁrms in the country. Each labor union i in country c negotiates a
common level of the nominal wage for their members, wic. We assume symmetry within
each country. Hence, each labor union i in country c has an equal number of members.




In the neighborhood of the symmetric equilibrium within a country, the log of the
a v e r a g ew a g ei sa p p r o x i m a t e da swc = 1
nc
Pnc
i=1 wic,w h e r ewic is the log of the wage
of labor union i.5 One labor union provides work force to a number of sc/nc ﬁrms.
The continuum of ﬁrms that employ labor from labor union i are in the interval
j ∈ [(i − 1) sc
nc,isc
nc].








where ¯ Pc is the producer price index of country c, Pjc is the price of good j, Yjc is the
quantity of good j and P0
jc is the price in the previous period, which we normalize to
P0
jc =1 . In the neighborhood of a symmetric equilibrium within a country, the log of
the PPI is approximated as ¯ pc = 1
sc
R sc
0 pjcdj,w h e r epjc is the log of the price of good j
produced in country c. This approximation is shown in Appendix 2.A.1. In the model
the PPI is also the same as the export price, because all goods produced domestically
a r ee x p o r t e da sw e l l .
The consumer price index (CPI) is the price index of the basket of both domestic
and foreign goods consumed within the country.
P1 ≡
s1Y1 ¯ P1 + s2Y2 ¯ P2E
s1Y1 ¯ P0
1 + s2Y2 ¯ P0
2E0,
5See Appendix 2.A.1 for a detailed derivation of the log average wage.2.2. THE MODEL 15
where P1 is the CPI of country 1 and E is the nominal exchange rate. The producer
price indices of previous periods are normalized to ¯ P0
1 = ¯ P0
2 =1and the exchange rate
in the previous period is normalized to E0 =1 . In the neighborhood of a cross-country
symmetric equilibrium the log of the CPI is approximately6
p1 = s1¯ p1 + s2 (¯ p2 + e), (2.2)
where lowercase letters denote the logarithms of the corresponding uppercase letters.
T h ee x c h a n g er a t ei sd e ﬁned as the price of a currency unit of country 2 in terms
of the currency of country 1. This expression shows that an individual consumes a
continuum of s1 goods that originate from country 1 at an average price of ¯ p1 and s2
goods that originate from country 2 and are sold at an average price of ¯ p2. Thus, the
consumer price index in country 1 is the average of prices of all goods of domestic and
foreign origin.
2.2.3 Parity Conditions
Individuals in both countries have the same preferences. The economy is open for
trade and arbitrage in each good j ensures that its price domestically and abroad
is the same, adjusted with the exchange rate, pj1 = pj2 + e. That means that the
consumer’s basket of goods sells for the same price in both countries, adjusted with
an exchange rate, that is, purchasing power parity (PPP) holds,
p1 = p2 + e,
where p1 and p2 represent the logs of the consumer price index expressed in the currency
of country 1 and in the currency of country 2, respectively. We assume covered interest
parity, which together with PPP implies that real interest rate parity holds, r1 = r2 =
r. Real interest rate parity is derived in Appendix 2.A.2.
6The CPI is derived in Appendix 2.A.1, equation (2.60).16 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
2.3 The Markets
2.3.1 The Demand for Goods
The demand for a good is a function of its relative price and the real interest rate.









where η>1 is the elasticity of demand with respect to its relative price and we
assume that H (r) is a decreasing function of the real interest rate. Let H (r) ≡
exp(−ρr),where ρ>0 is the semi-elasticity of demand with respect to the real interest
rate. The log of the demand for product j is
y
d
jc = −η(pjc − pc) − ρr. (2.3)
Aggregate demand per capita for the goods made in country c is obtained by integrat-
ing the above equation over the products j ∈ (0,s c) made in country c and dividing it
by sc a ss h o w ni nA p p e n d i x2 . A . 1 ,e q u a t i o n( 2 . 6 1 ) ,
y
d
c = −η(¯ pc − pc) − ρr. (2.4)
2.3.2 The Firm’s Problem
The supply side of the goods market is represented by ﬁrm j in country c that hires its







where α ∈ (0,1) and superscript s stands for supply. Firms face monopolistic compe-










7This speciﬁcation for the demand function follows CCD (2004). Alternatively, the demand for
goods can be derived from consumer utility as a function of real balances. In this model the real
interest rate is also a function of the real money balances through the money demand equation and
the Fisher parity. In contrast with using the real interest rate, the problem of using real money
balances in the demand function for goods is that it yields a statistically insigniﬁcant estimate, see
Ireland (2001).2.3. THE MARKETS 17
where Wic is the nominal wage received by labor union i,c o u n t r yc. By substituting

















The ﬁrm takes the CPI Pc and the wage at which it hires the workforce Wic from union
i as given. Calculating the ﬁrst order conditions and taking logarithms yields
pijc − pc = θ +
1
α + η(1 − α)
[α(wic − pc) − (1 − α)ρr], (2.7)
where θ ≡ α/[α + η(1 − α)]log[η/α(η − 1)] > 0. The relative price level of goods
produced in country c, ¯ pc − p is obtained after averaging equation (2.7) over country
c,
¯ pc − pc = θ +
1
α + η(1 − α)
[α(wc − pc) − (1 − α)ρr]. (2.8)
where ¯ pc is the PPI and pc is the CPI in country c. The higher the real wage in a
country and the lower real interest rates, the larger is the relative price of the goods
produced in that country.
2.3.3 Labor Demand
Demand for labor generated by ﬁrms is found by inverting the production function






[−η(pijc − pc) − ρr]. (2.9)
Labor demanded by a ﬁrm is directly related to the demand for its product. Thus
labor demand is decreasing in the relative price of the good and the real interest rate.
The unemployment rate faced by labor union i is deﬁned as8
uic = l0 − l
d
ic,
8This deﬁnition is made on the basis of a linear approximation of the unemployment rate around
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where l0 is the log of the labor supply per union. Labor demand per union ld
ic is
determined by averaging equation (2.9) over ﬁrms that employ labor belonging to
union i. The unemployment rate faced by union i is
uic = l0 +
1
α
[η(pic − pc)+ρr]. (2.10)
The unemployment rate of a union is an increasing function of the demand for the
goods produced with their workforce. Country speciﬁcu n e m p l o y m e n tc a nb ef o u n d
by aggregating equation (2.10) over country c, i.e. uc = Σ
nc
i=1uic/nc,w h i c hy i e l d s 9
uc = l0 +
1
α
[η(¯ pc − pc)+ρr]. (2.11)
The higher the relative price of the goods produced in country c or the higher the real
interest rate, the higher is the unemployment rate in the country.
2.3.4 Money Demand
We assume the following demand function for money, which is related to the classical
quantity theory of money,
M
d




c is the per capita demand for nominal money balances in country c and Yc
is the per capita real income of country c. The parameter δ>0 is the real income
elasticity of money demand and Y δ
c represents the transactions demand for money.
Kc (ic) is interpreted as the fraction of planned expenditures that the public desires
to hold in the form of money balances, also known as Cambridge K or the inverse of
the velocity of money, when δ =1 . Kc (ic) is a decreasing function of the nominal
interest rate, i.e. K0
c (ic) < 0. To obtain a tractable linear demand function for goods,
we assume that
Kc (ic)=Kc exp(−βic),











= l0 − lic
9See page 39 in Appendix 2.A.1 for a derivation of the aggregate unemployment rate.2.4. EQUILIBRIUM WITH GIVEN MONEY AND WAGES 19
where β>0 is the semielasticity of money demand with respect to the nominal interest
rate, i.e. it shows the percentage change that occurs in the money demand due to a one
point change in the nominal interest rate. The money market equilibrium condition is
Ms
c = Md
c = Mc, or from equation (2.12) the equilibrium condition is simply
Mc = PcKc exp(−βic)Y
δ
c .
Taking the log of the money market equilibrium condition yields
mc = pc + kc − βic + δyc. (2.13)
2.4 Equilibrium with Given Money and Wages
This section derives the equilibrium unemployment and inﬂation rate, as a function
of money balances and nominal wages, which are anticipated by the CB and the LUs.
The section also performs an in-depth analysis of the mechanisms that support the
equilibrium in the money and product markets. For this purpose, we reformulate the
model using the terms of trade. The terms of trade is deﬁned as the price of a basket
of goods produced in country 1 relative to that of country 2 expressed in the same
currency,
T ≡ ¯ p1 − ¯ p2 − e,
where T is the log of the terms of trade. Using the terms of trade, the ﬁrm’s pricing
equation (2.8), aggregate demand (2.4) and money demand (2.13) are rewritten as
s2T = θ +
α(w1 − p1) − (1 − α)ρr
α − αη + η
, (2.14)
−s1T = θ +
α(w2 − p1 + e) − (1 − α)ρr
α − αη + η
, (2.15)
y1 = −ηs2T − ρr, (2.16)
y2 = ηs1T − ρr, (2.17)
m1 = p1 + k1 − β (r + π
e
1)+δy1, (2.18)
m2 = p1 + k2 − e − β (r + π
e
2)+δy2. (2.19)20 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
where πe
c is the expected future inﬂation rate. Equations (2.18) and (2.19) are ob-
tained using the Fisher parity, ic = r + πe
c. These are six equations in six variables,
T, p1,r ,e ,y 1,y 2.
An increase in m1,w h i l ek e e p i n gm2 ﬁxed, increases the world money supply10 m =
s1m1 +s2m2 as well as the money supply of country 1 relative to country 2, m1 −m2.
T h er i s ei nt h ew o r l dm o n e ys u p p l ya ﬀects the two countries symmetrically: the real
i n t e r e s tr a t ef a l l sa n dt h a ti n c r e a s e st h ed e m a n df o rg o o d si nb o t hc o u n t r i e s .H o w e v e r ,
the change in the relative money supplies aﬀects the two countries asymmetrically
through the exchange rate, which depreciates in country 1, but appreciates in country
2. The decomposition of symmetric and asymmetric eﬀects is achieved by transforming
the system of equations (2.14)-(2.19). To obtain the asymmetric eﬀects, each equation
for country 2 is subtracted from the respective equation for country 1. To obtain the
symmetric eﬀects, we aggregate the respective equations over the two countries.
2.4.1 Asymmetric Eﬀects




(w1 − w2 − e), (2.20)
y1 − y2 = −ηT, (2.21)




2)+δ(y1 − y2). (2.22)
These are three equations in three variables, T, e, y1 − y2. These equations show the
asymmetric eﬀects on the two economies from a rise in the money supply or nominal
wages.
Ar i s ei nm1, while keeping m2 unchanged, depreciates the exchange rate of the
h o m ec u r r e n c y ,s h o w ni ne q u a t i o n( 2 . 2 2 ) . Equation (2.20) shows that as the home
currency weakens, relative home labor costs fall, ﬁrms set lower prices and the terms
of trade worsens. According to equation (2.21), as the terms of trade worsens, demand
for the goods of country 1 increases relative to country 2. The relatively higher demand
of country 1 increases the volume of transactions and the demand for currency 1 rises.
This eﬀect is in the opposite direction to appreciate currency 1, and therefore, the
10m is an index of the two countries’ aggregate money supplies, denominated in a common currency
unit (CCU). We introduce the CCU in Appendix 2.A.3. The total money supply m shown here is
obtained as a linear approximation around the symmetric equilibrium. Multiplying equation (3.5)
with s2 and (3.6) with s1 and summing them up yields m.2.4. EQUILIBRIUM WITH GIVEN MONEY AND WAGES 21
ﬁnal depreciation of currency 1 is less, as shown in equation (2.22).
Next we look at how an increase in relative nominal wages w1 − w2 aﬀects the
economy. An increase in w1, while holding w2 unchanged, induces home ﬁrms to
raise prices, which improves the terms of trade in equation (2.20). That creates lower
demand for the goods in country 1 relative to country 2, see equation (2.21). In country
1 the relative fall in transactions reduces the relative money demand and yields the
depreciation of the exchange rate, see equation (2.22). The depreciation of the home
currency reduces somewhat the relative value of home wages in (2.20) and moderates
the improvement of the terms of trade. Thus, there is a feedback again though the
transactions demand for money. which weakens the original impact. The exchange
rate is obtained by substituting (2.20) into (2.21), the latter into (2.22) and expressing
the exchange rate,




2)] + (1 − φe)(w1 − w2), (2.23)
where φe ≡
α−αη+η
α−αη+η+αδη ∈ (0,1) i sar e l a t i v ew e i g h t .T h ee x c h a n g er a t ei saw e i g h t e d
average of the relative percentage diﬀerence between two countries’ nominal money




α − αη + η





I ts h o w st h a tt h et e r m so ft r a d ei sa ﬀected by the relative money supply and relative
nominal wages in equal weight.
2.4.2 Symmetric Eﬀects
From equations (2.14)-(2.19), each equation for country 1 is weighted by s1 and each
equation for country 2 is weighted by s2 and summed up,
0=θ +
α(w − p) − (1 − α)ρr
α − αη + η
, (2.25)
y = −ρr, (2.26)
m = p + k − βr− βπ
e + δy. (2.27)22 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
where w ≡ s1w1 + s2w2, p ≡ s1p1 + s2p2, y ≡ s1y1 + s2y2, m ≡ s1m1 + s2m2.11 Thus,
three equations result in three variables p, y, r.
Equations (2.25)-(2.27) aggregate the two economies into one economy and country
speciﬁc variables disappear. This shows the symmetric eﬀects of money and wages on
the two economies. A rise in m1 raises m, which diminishes the nominal and real
interest rate, see equation (2.27). Therefore, world demand increases, see equation
(2.26). This is the demand channel of monetary policy and it puts the supply channel
in motion. Higher demand creates an upward pressure on the price level and that
diminishes the real value of ﬁxed nominal wages. Lower real wages induce producers
to supply more. The resulting higher price level and higher output create a feedback
into the money demand equation (2.27) and shift money demand up. That moderates
the reduction of the interest rate.
Next we investigate the eﬀect of a change in wages. A rise in home wages induces
domestic producers to increase prices, which raises the home CPI. Through imported
inﬂation, the CPI rises abroad as well. Hence, the common price level in CCU rises,
equation (2.25). Therefore, home and foreign real money balances fall and the real
interest rate rises, equation (2.27). Thus, world output shrinks, equation (2.26). Lower
world output reduces the transactions demand for money in both countries and that
moderates the rise in the interest rate. The common price level denominated in CCU







ρr + w, (2.28)
where ν = α − αη + η. This shows that producers raise prices when the interest rate
falls, because the demand for goods rises or when nominal wages rise, because the
supply of goods falls. The equilibrium real interest rate is obtained by substituting











where τ =1− α + α(β/ρ+ δ). It shows that the real interest rate rises if the world
money supply increases or if the world nominal wage falls. A country has a weight of
its size sc in aﬀecting the real interest rate.
11Appendix 2.A.3 shows that w, p, y, m have the denomination in CCU, which is based on a basket
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2.4.3 The Combination of Symmetric and Asymmetric Ef-
fects
The combination of symmetric and asymmetric eﬀects on output and unemployment
is obtained by substituting equation (2.24) and (2.29) into (2.16). Substituting the
resulting output yc into uc = l0 − 1
αyc, yields the unemployment rate,









where the coeﬃcients ξ0 > 0,ξ c,c > 0 and ξc,−c are provided in Appendix 2.A.6 in
expressions (2.68). The sign of ξc,−c is positive if η ≥ ρ/β, and otherwise it is negative.
An increase in m1 has two eﬀects on domestic output, shown in equation (2.16):
a fall in the terms of trade, shown in (2.24) and a fall in the real interest rate, shown
in (2.29). Both have the eﬀect of increasing domestic output. Through the terms of
trade the two countries are aﬀected asymmetrically and through the real interest rate
the countries are aﬀected symmetrically. For country 1 the two eﬀects are in the same
direction and add up. However, for country 2 the two eﬀects are in opposite direction,
as reﬂected in equation (2.17). The terms of trade improves and that reduces output,
but the real interest rate falls and that increases output. Therefore, the impact on
foreign output depends on the relative strength of two eﬀects.
The impact of money balances and nominal wages on output transmitted through
the terms of trade, is a substitution eﬀect, and the impact transmitted through the
real interest rate, is a liquidity or real balance eﬀect.I ft h ee ﬀect on the real interest
rate is due to the change of nominal balances m1,t h e ni ti saliquidity eﬀect.I ft h e
eﬀect on the real interest rate is due to the change of nominal wages w1,t h e ni ti s
a real balance eﬀect.12 The liquidity and the real balance eﬀect has an expansionary
or contractionary impact on world aggregate demand transmitted through the real
interest rate. The coeﬃcient ξc,−c from equation (2.30) shows that if η>ρ / β ,13 the
substitution eﬀect dominates the liquidity eﬀect and output falls. Otherwise output
12The liquidity eﬀect is deﬁned as the change in the nominal interest rate caused by an increase
in the nominal quantity of money supplied. The real balance eﬀect is deﬁned as the change in the
nominal interest rate caused by an increase in the level of prices of goods, given nominal money
balances, see Miller and VanHoose (1993), Romer (2006). In our model the change in the nominal
interest rate causes a one to one change in the real interest rate, because inﬂationary expectations
are given. Therefore, the liquidity and the real balance eﬀects are both symmetric eﬀects on the two
countries and aﬀect world aggregate demand.
13η is the relative price elasticity of the demand for goods, ρ is the real interest semi-elasticity of
the demand for goods and β is the nominal interest semi-elasticity of money demand.24 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
rises.14
Note that the substitution eﬀect works through two channels of transmission. One
is the demand channel, represented by changes in the relative prices of goods, which
substitutes the demand between home and foreign goods. The second is the supply
channel, represented by changes in relative wages w1 − w2 − e,g i v e nﬁxed nominal
wages, which aﬀects the relative supply of home and foreign goods. Through both
channels output increases.
An increases in home nominal wages w1 also has two eﬀects on output, equation
(2.16): a substitution eﬀect through the terms of trade and a real balance eﬀect through
the real interest rate. As explained in detail above, the terms of trade improves,
because home producers incorporate higher labor costs into higher prices. The real
interest rate rises, because real money balances fall in both countries. Both eﬀects are
in the same direction and home output falls.
By contrast, foreign output is moved into opposing directions by the two eﬀects,
according to equation (2.17). The coeﬃcient ξc,−c in equation (2.30) reveals that if
η>ρ / β , then the eﬀect of nominal wages through the terms of trade dominates the
eﬀect through the real interest rate, and foreign output increases. Otherwise, foreign
output decreases. Note that the model constrains the case in which the liquidity and
real balance eﬀect dominates.
Lemma 2.1 If ρ/β < 1, the substitution eﬀect dominates the liquidity and real balance
eﬀect, i.e. η>ρ / β .
Proof. See Appendix 2.A.5.
We consider the estimates ρ =0 .05, δ =1b a s e do nI r e l a n d( 2 0 0 1 ) ,β =0 .5 based
on Hoﬀman and Rasche (1991) and η =5based on McDaniel and Balistreri (2003).
Hence, ρ/β =0 .1, which shows that in the empirically relevant range the substitution
eﬀect dominates.
Next we analyze the eﬀects on the general price level. The CCU denominated CPI,
i.e. p = s1p1 + s2p2, and PPP, i.e. p1 = p2 − e,i m p l yt h a t
p1 = p + s2e, (2.31)
p2 = p − s1e. (2.32)
14A similar eﬀect of the home monetary expansion on foreign output exists in Obstfeld and Rogoﬀ’s
(1995) Redux model. This ambiguity is familiar from the Mundell-Fleming-Dornbusch model.2.5. NATIONAL MONETARY POLICY 25
Substituting (2.29) into (2.28), and (2.23) into (2.31), yields after some rearrangement
the national CPI,











where the coeﬃcients χ0 > 0,χ c,c > 0, χc,−c > 0,χ w
c > 0 are given in Appendix
2.A.6 in expressions (2.69). The national price level is subjected to two eﬀects by an
increase in the money supply m1. First, the CCU denominated common price level p
rises (symmetric eﬀect), see equation (2.28). This is due to a fall in the real interest
rate and a rise in demand worldwide, see equation (2.29). Second, the exchange rate of
country 1 depreciates, i.e. e rises (asymmetric eﬀect). This is due to a higher supply of
currency 1 relative to currency 2, captured by equation (2.23). Both eﬀects are in the
same direction and yield a higher national price level p1 in currency 1. In the case of
the foreign national price level p2 these two eﬀects oppose each other. On the one hand,
the exchange rate of country 2 appreciates, reducing the relative prices of imported
goods. On the other hand, the real interest rate falls, increasing demand and prices.
The asymmetric eﬀect of the money supply through the exchange rate dominates the
symmetric eﬀect through the real interest rate. Therefore, the foreign national CPI
decreases, as the sign of the coeﬃcient χc,−c > 0 shows in equation (2.33). A rise in
home nominal wages w1 has two eﬀects; the sum of the two eﬀects determines the home
CPI and the diﬀerence of the two eﬀects determines the foreign CPI. The symmetric
eﬀect is the rise of the common price level in CCU (2.28) due to the transfer of higher
labor costs into higher prices in country 1, and due to inﬂa t i o ni m p o r t e di n t oc o u n t r y
2 .T h ea s y m m e t r i ce ﬀect is the exchange rate movement, due to the lower transactions
demand for money in country 1 relative to country 2. The eﬀect of nominal wages
transmitted through the common price level in CCU dominates the eﬀect transmitted
through the exchange rate, and therefore, the foreign CPI decreases. Note that the
symmetric eﬀect dominates in the case of a nominal wage rise, but the asymmetric
eﬀect dominates in the case of a money supply rise.
2.5 National Monetary Policy
2.5.1 The Two Central Banks’ Problems
This section considers the optimization problem of the two CBs in the second stage
of the game. The two CBs determine money supply concomitantly as Nash players.26 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
T h eC B sa n t i c i p a t et h ep r i c el e v e la n dt h eu n e m p l o y m e n tr a t ea c c o r d i n gt oe q u a t i o n s
(2.33) and (2.30). The CBs’ dislike of inﬂation and unemployment is described by a
quadratic loss function following Kydland and Prescott (1977) and Barro and Gordon
(1983). Each CB chooses the money supply15 given nominal wages, future inﬂation








for c =1 ,2,w h e r euc i st h eu n e m p l o y m e n tr a t eo fc o u n t r yc, Ic i st h ed e g r e eo f
conservativeness of the CB of country c, which is a weight that measures the CB’s
dislike of inﬂation relative to unemployment; πc = pc −p0
c is the current inﬂation rate
and p0
c is the log of the price level in the previous period, assumed to be a constant
and therefore, it can be simpliﬁed to zero without loss of generality. The ﬁrst-order
conditions are
−ξccuc + Icχccπc =0 , (2.35)
for any country c, where we used equations (2.30) and (2.33). We write (2.35) in the
form
AmM + AwW + A0 = 0, (2.36)
where the matrix coeﬃcients Am, Aw, A0 are shown in Appendix 2.A.7, M =[ m1,m 2]0
and W =[ w1,w 2]0 . From (2.36) the money supply is
M = −A
−1







m Aw.Ac o e ﬃcient µc,−c = dmc
dw−c denotes the monetary
response of the CB to wages, expressed as the elasticity of the money supply of country
c with respect to the wage in country −c.
2.5.2 Reactions of Monetary Policy to Wages
The reaction of monetary policy to wages is a central question regarding the interaction
with labor unions, because labor unions fear an adverse reaction by the CB. The recent
literature investigates this issue in CCD (2004) for the case of a monetary union and
15For a discussion on the choice of the instrument by the CB, see Appendix 2.A.4.
16Expectations about the future inﬂation rate are formed in stage one of the game and are given
in stage two, when the CBs move.2.5. NATIONAL MONETARY POLICY 27
in CCD (2006) for the case of a closed economy. They ﬁnd that the CB reacts to
an increase in domestic wages by either increasing or lowering the money supply,
depending on whether the CB is relatively accommodative or conservative. Here we
extend this result to the open economy.
We set numeric values for α, s1, n1 and n2, but no numeric values for the rest of
the parameters. Thus, proofs are made for a number of special cases, for the purpose
of analytic tractability.
Assumption The ranges considered for the parameters are listed in the set
Ω = {η>1,I 1 > 0,I 2 > 0,ρ > 0,β> 0,δ> 0,s 2 =1− s1, (2.38)























Notation 1 The inequalities obtained as the analytic results of Mathematica 5.1 given
the set Ω,a r ed e n o t e dw i t h ≺ or Â .
Lemma 2.2 There is a critical value of CB conservativeness Icrit
c,c ∈ (0,∞) below
which the CB accommodates the money supply, µc,c Â 0, and above which the CB
contracts the money supply in response to domestic wage increases, µc,c ≺ 0.
Proof. See Appendix 2.A.8.
Ad o m e s t i cw a g er i s ep r o d u c e sh i g h e ru n e m p l o y m e n ta n dh i g h e ri n ﬂation. The CB
dislikes both unemployment and inﬂa t i o n ,b u th a st h ec h o i c et or e d u c eo n eo ft h e m
at the expense of the other via the Phillips curve. A relatively populist CB chooses
to reduce unemployment by increasing the money supply, even if inﬂation rises. The
opposite holds for a relatively conservative CB. Next, we characterize the reactions of
a CB with respect to a foreign wage rise.
Lemma 2.3 The central bank has the following reaction to foreign wages:
(i) If η>
ρ
β, for any level of conservativeness the CB contracts the money supply in
response to foreign wage increases, µc,−c ≺ 0.
(ii) If η<
ρ
β, the CB accommodates foreign wage increases if the degree of conserva-
tiveness is suﬃciently low, i.e. µc,−c Â 0,i fIc <I crit
c,−c, and otherwise it contracts the
money supply, i.e. µc,−c ≺ 0,i fIc >I crit
c,−c.
Proof. See Appendix 2.A.9.
A rise in foreign wages generates unambiguously higher inﬂation in the home coun-
try. However, home unemployment may rise or fall. If η>ρ / β , the substitution28 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
eﬀect dominates the real balance eﬀect, and home unemployment falls. Hence, the CB
does not need to accommodate. If η<ρ / β , the real balance eﬀect dominates, and
unemployment at home rises along with inﬂation. Thus, the CB accommodates, if its
degree of conservativeness is suﬃciently low, but contracts otherwise.
Note that
dµc,c
dIc ≺ 0 and
dµc,−c
dIc ≺ 0. The home monetary policy response to a home
and foreign nominal wage rise is tighter, if the home CB is more conservative. A more
conservative CB puts more weight on reducing inﬂation created by a home or foreign





dI−c ≺ 0 and
dµc,−c
dI−c ≺ 0. Home monetary policy tightens more
or accommodates less against both a home and a foreign wage increase if foreign
conservativeness is higher. The reason is that higher foreign conservativeness generates
tighter foreign monetary policy, a weaker home currency, a higher home CPI and
if the substitution eﬀect dominates, lower home unemployment. With lower home
unemployment and a higher home CPI, the home CB has room and incentives to keep
a tighter monetary policy.
2.5.3 Reactions Between Central Banks
In an open economy a CB takes into account the monetary policy response from the
foreign CB when forming its own monetary policy. Here we explore the mechanism of
strategic interaction between the two CBs.
Monetary expansion by the home CB reduces foreign inﬂation due to the dominant
eﬀect of the appreciating foreign currency. However, foreign unemployment can move
in either directions. If the liquidity eﬀect dominates the substitution eﬀect (η<ρ / β ),
foreign unemployment falls and the foreign CB has two possibilities to react: if its
conservativeness is suﬃciently low, it contracts, and otherwise it expands. If the
substitution eﬀect dominates the liquidity eﬀect (η>ρ / β ), foreign unemployment rises
and the foreign CB expands the money supply. Schematically,








m2 ↓ if I2 <I crit
22 (1)
m2 ↑ if I2 >I crit
22 (2)
{u2 ↑,π2 ↓} if η>
ρ
β =⇒ m2 ↑ (3).
Hence, in the ﬁrst case, the CBs react to each other by adjusting the money balances
in opposite directions, as they try to avoid the adverse eﬀect of the real interest rate.
We say that the nominal money balances supplied by the home CB are the strategic2.5. NATIONAL MONETARY POLICY 29
substitute of the balances supplied by the foreign CB. In the second and third cases,
the CBs react to each other by adjusting the money balances in the same direction,
as they try to avoid the adverse eﬀect of the terms of trade. In this case we say that
the nominal money balances supplied by the two CBs are strategic complements.17
Eichengreen and Sachs (1985) reconsider the economic recovery of the 1930s and
show that there can be no presumption that currency depreciation was beggar-thy-
neighbor policy. They write that "it is theoretically ambiguous whether the favorable
impact on the foreign country of lower interest rates outweighs the unfavorable eﬀects
of its loss of competitiveness".
2.5.4 Unemployment Eﬀects of Foreign Monetary Policy
Given the Best Response of Home Monetary Policy
Here we investigate how foreign monetary policy aﬀects home unemployment, given
t h eb e s tr e s p o n s eo ft h eh o m eC B .D o e st h ef o r e i g nC Bc r e a t eu n e m p l o y m e n ti nt h e
home country, when it contracts the foreign money supply? If it does, it means that the
foreign CB tightening transmits threats of unemployment to home LUs. At ﬁrst sight
it may seem that foreign monetary tightening should reduce home unemployment as
the foreign currency appreciates and favors home exports. To investigate this question































+ ξ12 ≺ 0. (2.41)
Thus, home unemployment increases if the foreign CB contracts the money supply.
If η>ρ / β , the direct eﬀect of a foreign monetary contraction is to reduce home
unemployment. However, the indirect eﬀect of a foreign monetary contraction is the
contraction of the home CB, which increases home unemployment. The sign of the
17This terminology is derived from Bulow, Geanakoplos and Klemperer (1985), Cooper and John
(1988), Mas-Colell, Whinston and Green (1995), p. 415, Lane (2001).30 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
expression (2.41) shows that the indirect eﬀect dominates. Note, that the sign also
holds when η ≤ ρ/β. This result raises the question whether a home contraction
would always create higher home unemployment, since the foreign CB also reacts to
the home contraction. From (2.30) and (2.36) we ﬁnd
du1
dm1







Again, this takes into account the foreign CB’s reaction to home monetary policy. As
expected, domestic monetary contractions do create higher unemployment.
T h en e x tq u e s t i o nt h a tw ep o s ei sw h e t h e rt h eu n e m p l o y m e n tc r e a t e db yt h ef o r e i g n










Provided that the substitution eﬀect dominates, the home unemployment rate in-
creases more in response to a one percent contraction of the foreign money supply
than to a one percent contraction domestically. That is, the unemployment threat
that comes from foreign monetary policy is stronger than the tightening by the do-
mestic monetary policy. The following proposition summarizes the results.
Proposition 2.1 Any foreign monetary contraction generates higher unemployment
in the home country due to the best response of the home CB. A foreign monetary con-
traction generates higher home unemployment than a domestic monetary contraction
if the substitution eﬀect dominates the liquidity eﬀect, i.e. if η>ρ / β .
Proof. The proof is above.
If the substitution eﬀect dominates, then the exchange rate has a relatively stronger
impact on output than the real interest rate. Interestingly, a foreign monetary contrac-
tion by itself does not create higher unemployment in the home country. The reason
is that the home currency depreciates, demand and supply of home goods increases
and this reduces unemployment. Note that demand increases because relative prices
fall and supply increases because relative wages w1 −w2 −e fall as the home currency
depreciates, given nominal wages ﬁxed in advance by LUs. However, in response to the
foreign contraction the home CB reacts by contraction as well to counter the adverse
eﬀect of the terms of trade and that creates actually the rise in home unemployment.
If the liquidity eﬀect dominates, then a foreign contraction by itself already in-
creases the home unemployment rate. A foreign contraction raises the common real2.5. NATIONAL MONETARY POLICY 31
interest rate and reduces demand in the foreign and the home country as well. The
terms of trade has a relatively small eﬀect in substituting home and foreign goods
and there is little gain in home output from depreciation. In reaction to the foreign
contraction the home CB expands the money supply and weakens to some extent the
initial rise in home unemployment.
2.5.5 Inﬂation and Unemployment with Endogenous Money
Supply
In the absence of monetary policy intervention, a home wage rise reallocates demand
towards foreign goods and foreign unemployment falls, if the substitution eﬀect dom-
inates. Strikingly, optimal monetary policy reverses the eﬀect of wages on foreign
unemployment. Substituting away money balances in equations (2.33), (2.30) and us-
ing equation (2.37), we obtain the price level and unemployment as functions of wages.
The functions exhibit the following properties:
Proposition 2.2 Taking account of the optimal reaction of the central banks, an in-
crease in wages in one country increases inﬂation and unemployment in both countries.
Proof. See Appendix 2.A.11.
It is intuitive that higher wages raise unemployment and inﬂation domestically.
Higher labor costs are transmitted into higher prices and inﬂation increases. At higher
relative prices ﬁrms sell less, which increases unemployment. The intervention of
the CB balances the burden between inﬂation and unemployment, so that domestic
inﬂation and unemployment increase proportionally.
Next we examine the eﬀect of a foreign nominal wage rise on the home economy.
Home inﬂation rises due to demand shifting towards home goods and due to imported
inﬂation. Assuming no CB reaction, home unemployment falls, if η>ρ / β , suggested
by equation (2.30), due to the dominant substitution eﬀect and the shift in demand
towards the home goods. However, the optimal reaction of monetary policy balances
the rising inﬂation and falling unemployment by contracting the money supply in the
home country.
Hence, there are two eﬀects on home unemployment due to a foreign nominal wage
rise. First, there is a substitution eﬀect, which tends to lower home unemployment.
Second, there is a reaction of monetary policy to stop inﬂation, which tends to increase
home unemployment. The question is what is the relative strength of the two eﬀects?32 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
Let us consider an intuitive exercise in two stages. First, the CB keeps inﬂation
unchanged and translates it into unemployment. As it turns out, the competitive
home beneﬁts of higher foreign wages are outweighed by the home unemployment
costs of unchanged inﬂation. Second, the CB adheres to its optimization problem
and moderates the rise in unemployment by allowing a higher inﬂation rate. As a
consequence, home unemployment rises due to a foreign nominal wage rise.
We are interested in the unemployment cost of keeping inﬂation unchanged. By
contracting the money supply, the CB transforms the rise in inﬂation into a rise in
unemployment along the Phillips curve. Equation (2.33) shows the home monetary





which is obtained by diﬀerentiating equation (2.33) with respect to w2 and assuming










+ ξ12 (−1) = ξ11
χ12
χ11
− ξ12 Â 0.
Hence, by keeping inﬂation unchanged, there is a net rise in the unemployment rate.
In fact, the CB allows for a rise in inﬂation in order to optimally balance the rise
in unemployment and inﬂation. The ﬁrst order condition of the CB, equation (2.35)
implies that inﬂation and unemployment change proportionately in the same direction.
The direction is upward, because higher foreign wages generate a net cost for the home
economy.
In the case η<ρ / β ,when the real balance eﬀect dominates the substitution eﬀect,
a foreign wage increase reduces home output along with home inﬂation, even without
CB intervention. The mechanism is the following. A rise in foreign nominal wages is
transmitted by ﬁrms into higher foreign prices. Given nominal money balances, real
money balances fall abroad and the nominal and real interest rate rises, which reduces
the demand for home goods, and home unemployment rises along with home inﬂation.
Monetary policy adjusts inﬂation and unemployment for optimal balance, but it does
not change their direction of movement.2.6. LABOR UNIONS 33
2.6 Labor Unions
2.6.1 The Labor Union’s Problem
Next we turn to the optimization problem of labor unions, the third stage of the
game. Labor unions anticipate the reaction of ﬁrms and CBs to their wage demands,
and take wages set by other labor unions as given. Unions set nominal wages so as to










where wic − pc is the real wage of labor union i, and the parameter A measures the








provide nc equations for each country, and thus determine simultaneously nominal
wages wic for all i,c. To simplify notation, we denote the elasticity of the real wage of





Similarly, let Zuc denote the semi-elasticity of the unemployment rate of a union with





Our aim is to reﬂect diﬀerences between countries and monetary regimes. Therefore,
heterogeneity within a country does not play a role, and we can assume that all
ﬁr m sa n du n i o n sw i t h i nac o u n t r ya r ei d e n t i c a l ,t h a ti s ,t h e r ei ss y m m e t r yw i t h i na
country. The ﬁrst order conditions of the labor unions’ minimization problem for the
two countries can be rewritten as
−Zwc + AZucuc =0 , (2.45)
18Unions also may be averse to inﬂation. One of the main reasons is that pensions of workers are
not indexed and that union members, as consumers, dislike inﬂation in general. In this paper we
abstract from the inﬂation aversion of labor unions.34 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
where the elasticities Zwc and Zuc are derived in (2.72) and (2.76) in Appendix 2.A.10.
2.6.2 Equilibrium Unemployment and Inﬂation
We calculate unemployment by rearranging equation (2.45). Assuming symmetry





Assuming that inﬂation in the future period is the same as in the current period, as in
a steady state, and there is perfect foresight, then in equilibrium the current inﬂation
rate equals the expected future inﬂation rate πc = πe
c.T h ei n ﬂation rate is obtained







The inﬂation rate is thus a positive function of the unemployment rate. The fol-
lowing proposition establishes the eﬀects of the two CBs’ preferences on equilibrium
unemployment and inﬂation rates.
Proposition 2.3 The optimal wage setting by labor unions results in a general equi-
librium unemployment and inﬂation that are decreasing in both home and foreign CB
conservativeness, Ic and I−c.
Proof. See Appendix 2.A.12.
The intuition is the following. The more conservative the CB the stronger its
reaction against wage increases. Monetary contractions reduce demand and lead to
a higher unemployment rate. Fearing a rise in unemployment, labor unions are more
reluctant to raise wages. Lower wages generate lower unemployment and lower inﬂation
rates.
CCD (2006) assume that labor unions are averse to both unemployment and in-
ﬂation. Therefore, they obtain that intermediate ranges of conservativeness are best
for economic performance. In this model we assume that labor unions are not averse
to inﬂation, which is reﬂected in their objective function (2.44). Therefore, the labor
unions’ inﬂation fears do not operate here as a moderating factor. Accommodation
does not reduce wage demands as in CCD (2006), because it does not create inﬂation2.7. CONCLUSIONS 35
fears. In this model only contractions create fears, in particular unemployment fears
and thus the more conservative the CB, the lower are wage demands.
Why is foreign conservativeness better for the home country? A higher foreign
conservativeness is associated with a stronger foreign currency and a weaker home
currency. This implies that the price level in home currency is higher and if the sub-
stitution eﬀect dominates, unemployment is lower. A higher price level and lower
unemployment induce tightening from the home CB. Thus an increase in foreign con-
servativeness generates home monetary tightening. Tighter domestic monetary policy,
in turn, threatens labor unions with unemployment and moderates wages.
If the real money balances eﬀect dominates, a conservative foreign CB represents
a threat to home labor unions because it raises the world real interest rate against
imported inﬂation caused by a home wage increase. Labor unions moderate wages
because of the unemployment fears that are created directly by the foreign CB, instead
of intermediated via the home CB.
T h u s ,w eh a v es h o w nt h a tt h em o r ec o n s e r v a t i v et h eh o m eo rt h ef o r e i g nC B ,t h e
better it is for home economic performance in terms of inﬂation and unemployment.
As an illustration, before the EMU was formed, Germany might have had a loss in eco-
nomic performance due to economic partners that had less conservative CBs. However,
German economic performance was supported by the conservativeness of the Bank of
E n g l a n d .I ti m p l i e st h a ti ti sm o r ea t t r a c t i v et of o r mt h eE M Ub e t w e e nc o u n t r i e sl i k e
Germany and Italy rather than between Germany and the United Kingdom, provided
that the ECB is not less conservative than the Bundesbank.
2.7 Conclusions
This chapter contributes to the recent literature on strategic interactions between
monetary policy and centralized wage bargaining by considering two independent CBs
in a ﬂexible exchange rate arrangement in open economies. Most of this literature
deals only with a closed economy and it does not reveal the mechanism of interaction
among CBs and LUs in diﬀerent countries.
We ﬁnd the following strategic interactions between two monetary policies. If the
substitution eﬀect dominates the liquidity eﬀect, the money balances of the two CBs
are strategic complements: a CB reacts to the other CB’s monetary expansion by
expansion. Otherwise, the two CBs’ money balances are strategic substitutes: home
monetary policy contracts in response to a foreign expansion. The empirically likely36 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
case is the strategic complementarity of two CB’s money supplies. We ﬁnd that in
this case the CB always contracts the money supply against a foreign nominal wage
increase. Hence, in addition to the home CB, the foreign CB exercises a further
threat against labor unions in the home country. The foreign CB contracts against
imported home wage inﬂation and induces the home CB to tighten as well, which
creates unemployment fears for home LUs.
The optimal monetary reactions dominate the beneﬁcial eﬀe c to faw a g er i s eo n
foreign competitiveness. In the absence of monetary intervention, a home wage rise
produces higher foreign output, due to relatively lower production costs abroad. How-
ever, the optimal reaction of the foreign CBs wipes out such competitive beneﬁts for
t h ef o r e i g nc o u n t r y . T h er e a s o ni st h a tt h eh o m ew a g er i s ei n ﬂicts imported inﬂa-
tion abroad, against which foreign monetary policy tightens to an extent that foreign
output actually falls.
The consequence of wage deterrence is that equilibrium unemployment and inﬂa-
tion are lower the higher the degree of domestic CB conservativeness, and this is an
i n s t a n c eo ft h eL u c a sc r i t i q u e . T h a ti s ,t h em o r et h eC Bp r e f e r st oa l l e v i a t eu n e m -
ployment at the expense of inﬂation by exploiting the Phillips curve, the higher is
unemployment. This result is found in CCD (2004, 2006) for a closed economy and
a monetary union and we extend it here to an open economy under ﬂoating. While
the literature investigates the issue of domestic central bank conservativeness, foreign
CB conservativeness is a novel element in our model. We ﬁnd that a higher degree of
foreign CB conservativeness is beneﬁcial for the home country as well, as it moderates
labor unions in the home country, yielding lower unemployment and lower inﬂation
rates. From a policy perspective this result implies that a country might have an
interest in the design of a conservative monetary institution abroad.2.A. APPENDIX 37
2.A Appendix
2.A.1 Foundations for Geometric Indices
T h eW a g eI n d e x
We deﬁne the wage index as an arithmetic average,
wc ≡ logWc ≡ log




exp(w1c)+... +e x p( wnc)
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1c = ... = w∗
nc, i.e. we assume that the approximation is around the point of
symmetry. Symmetry within each country is assumed in the model without loss of
generality. Then, constant terms cancel out and we obtain,
wc '
w1c + ... + wnc
n
. (2.50)
This shows that the log of the arithmetic average wage can be approximated around
the point of symmetry by the log of the geometric average wage.
The Producer Price Index (PPI)
Products in the country are indexed j ∈ (0,s c). We deﬁne a price index over this space
of products as an arithmetic average similarly to the average wage in (2.48). However,
here we have an inﬁnite sum over the continuous space (0,s c).L e tu sd e ﬁne the price
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where P0
jc are the prices of goods in the previous period. By symmetry within the














Expanding (2.50) to an inﬁnite sum over the space (0,s c) and relabeling w as p in







The Consumer Price Index
The CPI is an average of the two countries’ price levels weighted with output.
p1 ≡ logP1 ≡ log
s1Y1 ¯ P1 + s2Y2 ¯ P2E
s1Y1 ¯ P0
1 + s2Y2 ¯ P0
2E0, (2.54)
where Y1 is per capita output, s1Y1 is total output of country 1 and E is the nominal
exchange rate. The upper-index 0 indicates the previous time period and ¯ P0
1 = ¯ P0
2 =1 ,
E0 =1 . The above expression is rewritten as
p1 =l o g[ s1 exp(y1 +¯ p1)+s2 exp(y2 +¯ p2 + e)] − log[s1 exp(y1)+s2 exp(y2)].
Linear approximation of this function of four variables (y1,y 2, ¯ p1, ¯ p2 + e) around the
equilibrium points yields
p1 = ζ1 + ϕ(y1 +¯ p1)+( 1− ϕ)(y2 +¯ p2 + e) − φy1 − (1 − φ)y2, (2.55)








2 is a constant, 0 <ϕ<1, and it represents






ac o n s t a n t ,0 <φ<1, and it represents the ratio of real GDP to world’s real GDP.
Rearranging terms in (2.55) yields
p1 = ζ1 +( ϕ − φ)(y1 − y2)+ϕ¯ p1 +( 1− ϕ)(¯ p2 + e). (2.56)2.A. APPENDIX 39
We rewrite the diﬀerence of the two constants ϕ and φ as




















Substituting (2.58) into (2.57) and the result into (2.56) yields










(y1 − y2)+ϕ¯ p1 +( 1− ϕ)(¯ p2 + e). (2.59)
This is the general case of the CPI in country 1 as a linear approximation around an
asymmetric equilibrium. It shows that the CPI depends on the relative output of the
two countries. Furthermore it shows that the local producer price level is weighted
with the ratio of the country’s nominal GDP to the world’s nominal GDP, ϕ instead
of s1.
Let us consider the special case of approximation around a symmetric equilibrium
across countries for reasons of mathematical tractability. That is, we approximate
around the equilibrium points y∗
1 = y∗
2 and ¯ p∗
1 =¯ p∗
2 + e∗. That yields
p1 = s1¯ p1 + s2 (¯ p2 + e). (2.60)
The comparison between (2.59) and (2.60) shows the cost of using the simpler, sym-
metric equilibrium version for the price index. Equation (2.60) does not account for
the inﬂuence of the endogenous output weights on the CPI.
T h eC o u n t r y - W i d eU n e m p l o y m e n tR a t e
T h eu n e m p l o y m e n tr a t ei nc o u n t r yc is
uc = l0 − logLc
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With symmetry within each country, the linear approximation is around the equilib-
rium L∗
ic = L∗
c. The procedure is the same as in (2.49) and yields






The World-Wide Unemployment Rate
The world unemployment rate is
u ≡ l0 − logL = l0 − log(s1L1 + s2L2).
Linear approximation around the symmetric country case L∗
1 = L∗
2 yields
u ' l0 − s1l1 − s2l2
= s1 (l0 − l1)+s2 (l0 − l2)
= s1u1 + s2u2.
This shows that the world unemployment rate can be approximated as an arithmetic
average of country speciﬁc unemployment rates.
Aggregate Output
Real aggregate output is deﬁned as the nominal aggregate output divided by the GDP







PjcYjcdj.( 2 . 6 1 )










This expresses the real per capita output in base year prices. Normalizing base year
prices, P0
jc =1 , and taking logs yields






This is approximated with the same procedure as (2.52) to obtain (2.53). Since there







2.A.2 Derivation of Real Interest Rate Parity
There is extensive empirical evidence showing that covered interest rate parity holds,
as surveyed by Taylor (1995). We assume perfect capital mobility and covered interest
rate parity,
f − e = i1 − i2,
where f is the log of the forward exchange rate and i1 and i2 are the nominal interest
rates in country 1 and 2, respectively. With perfect foresight, the forward exchange
rate equals the anticipated future exchange rate, f = et+1. It follows that uncovered
interest parity holds,
e
t+1 − e = i1 − i2, (2.63)





2 ,w h e r epc and pt+1
c are the current and the anticipated future period












2 = i1 − i2, (2.64)
where πe
c ≡ pt+1
c − pc is the expected (or anticipated under perfect foresight) future
inﬂation rate. The Fisher parity gives the real interest rate as the diﬀerence between
the nominal interest rate and the expected future inﬂation rate rc = ic−πe
c. The Fisher
parity and (2.64) imply that real interest rates are equal across countries,
r1 = r2 = r.
Thus, we have shown that combining uncovered interest rate parity, PPP and the
Fisher parity implies that real interest parity holds as well.42 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
2.A.3 The Common Currency Unit
This section shows that the world aggregates p, w and m are denominated in a common
currency unit (CCU). The common currency is composed of a basket of currencies,
such as the ECU or SDR.19 L e tu sd e n o t et h ee x c h a n g erate between currency c and
−c as ec,−c. For example, e$,CCU represents the exchange rate of the CCU against
t h e$ .L e tt h ee x c h a n g er a t eo ft h eC C Ua g a i n s tt h ed o l l a rb ed e ﬁned as a weighted
average of two exchange rates,
e$,CCU ≡ s1e$,1 + s2e$,2,
where e$,1 and e$,2 represent the exchange rate of country 1 and country 2’s currencies
against the dollar. PPP implies that
e$,1 = p$ − p1,
e$,2 = p$ − p2,
e$,CCU = p$ − pCCU.
T h eq u e s t i o ni st oﬁnd a formula for the price level pCCU in terms of CCU. The above
four equations imply that
pCCU = s1p1 + s2p2. (2.65)
This is the same formula that we denoted by p in equation (2.27), implying that
p = pCCU. This shows that p is denominated in CCU. The world average wage in
expressed in dollars is
w$ = s1 (w1 + e$1)+s2 (w2 + e$2).
The world average wage converted from dollars into CCU is
w ≡ wCCU = w$ − e$,CCU = s1w1 + s2w2. (2.66)
This shows that the world average wage from equation (2.25) is denominated in CCU.
Similarly, the aggregates m = s1m1 + s2m2 and y = s1y1 + s2y2 are also denominated
in CCU.
19European Currency Unit and Special Drawing Rights, respectively, which are based on a basket
of national currencies.2.A. APPENDIX 43
2.A.4 The Instrument of Monetary Policy
We assume that the money supply is the instrument of monetary policy. Alternatively,
we could take the nominal interest rate as the instrument controlled directly by the CB.
Bernanke and Mihov (1997) argue that the nominal interest rate could be regarded as
the instrument of the Federal Reserve for most of its recent history since 1965, except
for some short periods. In practice, however, central banks control the interest rate by
manipulating the supply of bank reserves, i.e. the high powered money available for
meeting bank reserve requirements. In a classic article Poole (1970) investigates the
problem of the choice between the interest rate or the money supply as the instrument
of monetary policy. He ﬁnds that the policymaker is indiﬀerent about the choice of
the instrument, if there is no uncertainty. However, Canzoneri and Henderson (1989)
ﬁnd that the choice of policy instrument matters in a macroeconomic game, in an
open economy with two CBs or in a closed economy with ﬁscal-monetary interactions,
even if there is no uncertainty. They relate the problem to Cournot and Bertrand
competition, where it matters whether duopolists set prices or quantities.
In our open-economy two country model, a problem arises if the interest rate is
the policy instrument. If two CBs try to set the nominal interest rates independently,
given inﬂationary expectations, and real interest rate parity holds, then there is a
problem of inconsistency. To show the inconsistency, assume that the CB controls the
nominal interest rate ic.T h eC Bt a k e si n ﬂation expectations as given and real interest
rate parity holds as derived above from uncovered interest rate parity,
i1 − π
e
1 = i2 − π
e
2 (2.67)
The ﬂexible exchange rate allows for two diﬀerent nominal interest rates, i1 and i2.W e
assume that the CB takes the expected future inﬂation rate πe
c as given. The reason
is that expectations are formed about the future rate of inﬂa t i o ni nt h eﬁrst stage of
the game. Moreover, this is a static model and there is no connection between the
time periods. If both CBs set i1 and i2 simultaneously and independently, given πe
1
and πe
2, then equation (2.67) cannot hold. That violates the parity conditions and
creates arbitrage opportunities that cannot hold in the long run. Therefore, in this
static model, due to free capital ﬂows, the two CBs cannot set the nominal interest
rate independently.
There is no problem of inconsistency, however, if the two CBs control the nominal
money supplies directly instead of the nominal interest rate, because the exchange44 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
rate adjusts to close arbitrage opportunities. Hence, we assume that the instrument
of central banks is the supply of nominal money balances.
2.A.5 Proof of Lemma 2.1
ρ/β < 1 and η>1 imply that η>ρ / β .
2.A.6 The Coeﬃcients of Equations (2.30) and (2.33)
The coeﬃcients of equation (2.30) are




η(1 − α + αδ)+ηα
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ρ (1 − sc)+αsc



















,ν≡ α +( 1− α)η.









(1 − α)(ν + αδη)+α(1 − sc)γ






















2.A.7 The Coeﬃcients of Equation (2.36)
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2.A.8 Proof of Lemma 2.2
µc,c (Ic) changes sign from positive limIc→0 µc,c =1to negative limIc→∞ µc,c ≺ 0.F u r -
thermore, µc,c (Ic) is decreasing in Ic,i . e .∂µc,c/∂Ic ≺ 0. Therefore, the change of sign
occurs only once and there exists a unique Icrit
cc for which µc,c (Icrit
cc )=0 .I fIc <I crit
cc
then, µc,c Â 0 and if Ic >I crit
cc then µc,c ≺ 0.
2.A.9 Proof of Lemma 2.3
(i) If η>
ρ
β, then limIc→0 µc,−c (Ic) ≺ 0 and ∂µc,−c/∂Ic ≺ 0, implying that µc,−c (Ic) ≺
0.( i i ) I f η<
ρ
β, then µc,−c (Ic) changes sign from positive limIc→0 µc,−c (Ic) Â 0 to
negative limIc→∞ µc,−c ≺ 0 and µc,−c (Ic) is decreasing in Ic, i.e. ∂µc,−c (Ic)/∂Ic ≺ 0.








2.A.10 Derivation of Equilibrium Unemployment








Since wc = Σ
nc
i=1wic/nc,i t sd e r i v a t i v ei s dwc
dwic = 1































τ (b + αδη)
+
(1 − α)(ν + αδη)+α(1 − sc)γ





ncτ (ν + αδη)
µ−c,c. (2.71)46 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATING
Substituting equation (2.71) into (2.70) we obtain Zwc,
Zwc =1−
α(δτ + γsc)+[ ( 1− α)(ν + αδη)+α(1 − sc)γ]µc,c − αγs−cµ−c,c
ncτ (ν + αδη)
. (2.72)
From equation (2.10) the elasticity of the unemployment rate with respect to the
















The derivative of the relative price can be obtained using equation (2.7) averaged over















Let us denote the semi-elasticity of the real interest rate with respect to nominal wage




















Having found the two elasticities Zwc and Zuc we can now calculate the equilibrium
level of unemployment as uc = Zwc
AZuc.
2.A.11 Proof of Proposition 2.2

































= −ξ−c,cµcc + ξ−c,−cµ−c,c + ξ−c,c Â 0.







2.A.12 Proof of Proposition 2.3
Using equations (2.46) and (2.37) yields duc
dIc ≺ 0 and duc
dI−c ≺ 0. Using these results and
equation (2.47) yields dπc
dIc ≺ 0 and dπc
dI−c ≺ 0.48 CHAPTER 2. STRATEGIC INTERACTIONS UNDER FLOATINGChapter 3
From Floating to Monetary Union
3.1 Introduction
European integration is currently in the phase of extending the European Economic
and Monetary Union (EMU) over countries that are open to trade and capital ﬂows,
but have restricted labor movement and a unionized labor force. This paper attempts
to model the formation or extension of the monetary union (MU) across European
economies characterized by those features. It contributes with a study on the long
run economic consequences of switching the monetary regime from ﬂoating to a MU.
The point of view of this paper is the impact of the monetary regime change on the
strategic interactions between monetary policy and unionized wage setting. The recent
literature mostly looked at this speciﬁc issue in closed economy models.1 However,
most countries that have already joined the EMU, as well as the prospective new
members have open economies. Therefore, this chapter proposes an open economy
model that can better describe the realities of the ongoing European integration. In
contrast with the existing closed economy models, our open economy model captures
t h ed e t e r r e n c eo fh o m ew a g ed e m a n d sb yt h ef o r e i g nC Ba n dt h ee ﬀect of ﬁxing the
currency on the Phillips curve.
We use the model of ﬂoating developed in the previous chapter and we transform
it into a model of a MU. The model of the MU obtained in this way is in fact a
generalized version of the Coricelli, Cukierman and Dalmazzo (2004) model. The
CCD (2004) model is extended in two main points, the demand for money is allowed to
depend on income and the interest elasticities of money demand and product demand
are more generally parametrized. Using these two models, we compare the economic
1See Soskice and Iversen (1998), Gruner and Hefeker (1999), Cukierman and Lippi (2001).
4950 CHAPTER 3. FROM FLOATING TO MONETARY UNION
performance in the ﬂoating regime and the MU regime.
The reduction of the number of CB players from two to one changes the macroeco-
nomic game and the strategic interactions among market participants. Consequently,
economic performance worsens as measured by inﬂation and unemployment. Calibra-
tion shows that the GDP loss is in the order of magnitude of 0.15 percent and the
inﬂation rate rises about 0.5 percentage points. There are two eﬀects that drive this re-
sult. First, unlike the home CB, the foreign CB does not have a preference over home
unemployment, therefore, it accommodates less home wage increases and generates
stronger unemployment fears in the home country. Monetary uniﬁcation reduces the
unemployment fears from the other country, which leads to increased wage demands
and worse economic performance for the economy. Second, the Phillips curve is ﬂat-
ter in the MU. The common CB faces a modiﬁed tradeoﬀ in which unemployment is
more responsive than the inﬂation rate to the common monetary policy. The optimal
choice of the CB is to reduce the unemployment rate at the expense of inﬂation. This
is tantamount to a more accommodative stance by the CB. Hence, the LUs’ fears of
unemployment diminish and wage demands increase in the MU.
Our model supports Vartiainen’s (2002) result obtained for the special case of
a small open economy. Vartiainen obtains that inﬂation rises after uniﬁcation, but
does not provide a result for country speciﬁc unemployment. Our results contrast
with Jensen (1997), who assumes that labor unions are inﬂation averse and ﬁnds that
monetary policy cooperation unambiguously reduces the unemployment rate and it
may reduce the inﬂation rate as well, if the LUs are suﬃciently averse to inﬂation. We
take a diﬀerent approach from Jensen by assuming that LUs are deterred exclusively
by the threat of unemployment.
In the present model the MU impacts through both the supply and the demand
channels of the monetary transmission mechanism. This feature is inherited from
the CCD (2004, 2006) framework. By contr a s t ,i nG r u n e ra n dH e f e k e r( 1 9 9 9 )a n d
Cukierman and Lippi (2001) the impact of the MU works solely through the supply
channel. In Soskice and Iversen (1998) there is only a demand channel of monetary
transmission. The presence of both channels in our model reinforces the eﬀect on
unemployment fears of the monetary regime change, because there is a stronger impact
of monetary policy on output when both channels of monetary transmission operate.2
2A monetary contraction raises the real interest rate, which reduces demand (demand channel); it
lowers the price level, which raises the real wage and reduces supply (supply channel). Hence, when
unemployment threats are transmitted through both channels, there is a stronger eﬀect of regime
change.3.2. THE MONETARY UNION 51
An extension of this model considers the case of LUs that have asymmetric antic-
ipations regarding home and foreign monetary policy reactions: LUs anticipate only
the reactions of the home CB but not the foreign CB. In this case, due to the lack
of deterrence of wage demands from abroad under ﬂoating, the shift to the MU may
result in lower unemployment, but still higher inﬂation.
The structure of the chapter is as follows. Section 2 develops the model of the mon-
etary union. Section 3 investigates the economic consequences of the regime change.
Section 4 is an analysis of the eﬀects of country characteristics on monetary uniﬁcation.
Section 5 introduces labor unions with asymmetric anticipations. Section 6 presents
the conclusions.
3.2 The Monetary Union
3.2.1 Money Demand in the Monetary Union
A common currency and thus a ﬁx e de x c h a n g er a t eo fu n i t yi nt h eM Ua sw e l la sP P P
imply equal consumer price indices in the two countries, P ≡ P1 = P2.I n t h e M U
nominal interest rates are equal, which we denote i ≡ i1 = i2. Nominal interest rate
parity in the MU follows from real interest rate parity, i1 − πe
1 = i2 − πe
2,a n de q u a l
inﬂation expectations in the common currency, πe
1 = πe
2, which in turn is due to PPP
and a ﬁxed exchange rate.
The common CB supplies money balances in a common currency, which is distrib-
uted between the two countries according to the local money demand. The country
speciﬁc money demand aﬀects the local markets and the players’ behavior through
equations (2.30) and (2.33). Therefore, it is of interest to know how much is the
quantity of money balances that reaches each country if the common CB supplies a
quantity ms of the common currency. Imposing nominal parity between currencies
e =0in equation (2.23) yields the relationship between the money demand in the two
countries,






α +( 1− α)η
(w1 − w2)+m2. (3.1)
This shows that the demand for the currency in country 1 is proportional to the
demand for the currency in country 2 and proportional to relative wages. Total money
demand in the MU is
M = s1M1 + s2M2, (3.2)52 CHAPTER 3. FROM FLOATING TO MONETARY UNION
or rewriting it in logs,
exp(m)=s1 exp(m1)+s2 exp(m2). (3.3)
Substituting (3.1) into (3.3) and rearranging to express m2 yields
m2 = m − log(s1 expΓ + s2), (3.4)




α+(1−α)η (w1 − w2) with πe
1−πe
2 =0in the MU. This
shows that money demand in country 2 is proportional to global money balances as








α +( 1− α)η
s1 expΓ∗
s1 expΓ∗ + s2





where Γ∗ is the equilibrium value of Γ. Assuming symmetric money velocities k1 = k2,
the linear approximation around symmetric equilibrium wages w∗
1 = w∗
2 simpliﬁes to3
log(s1 expΓ + s2) ' −s1
αδη
α +( 1− α)η
(w1 − w2).
Substituting this into (3.4) yields the linearized money demand,
m2 ' m + s1
αδη
α +( 1− α)η
(w1 − w2). (3.5)
By symmetry,
m1 ' m + s2
αδη
α +( 1− α)η
(w2 − w1). (3.6)
Note that if δ =0 , there is no approximation and we get an exact result, because
the amount of transactions (output) does not aﬀect the demand for money, and the
relative wage is not an argument of the function in (3.4). Such an assumption is in
line with the CCD (2004) model, which assumes δ =0 .
Here we have shown how the common money balances are distributed to each
3Note that the linear approximation does not require the assumption that the two countries are
symmetric in parameters. This method is used in the Redux model by Obstfeld and Rogoﬀ (1995),
where linear aproximation is performed around the symmetric equilibrium values of the variables,
but without assuming the symmetry of the parameters.3.2. THE MONETARY UNION 53
country in the MU. By contrast, CCD (2004) proceed by using the MU-wide money
demand as an aggregate of country speciﬁc money demand. Although the two methods
are equivalent, we derive the alternative procedure in Appendix 3.A.1, as it maintains a
closer connection with the CCD (2004) model. Both methods use linear approximation
to obtain the total money demand in the MU. In fact, the use of the total money de-
mand m is not necessary and the exact results, which require no linear approximation,
can be obtained as Appendix 3.A.2 shows.
3.2.2 The Central Bank of the Monetary Union
The central bank of the MU has preferences over the average unemployment rate and
the average inﬂation rate of the whole monetary area. It takes the wages set by unions
as given and it chooses the money supply so as to minimize
min
m (s1u1 + s2u2)
2 + IMUπ
2, (3.7)
where π = π1 = π2, π = p − p0 and p0 is the price level in the previous period, which
i sa s s u m e dt ob eac o n s t a n ta n di ss i m p l i ﬁed to zero without loss of generality. The
MU wide average unemployment rate u = s1u1+s2u2 is obtained by substituting (3.5)
and (3.6) into equation (2.30),
u = l0 +
−m + w + k − βπe +
α+(1−α)η
α θ





where we assume k = k1 = k2 for the purpose of reaching the approximate results
around the symmetric case, equations (3.5) and (3.6). Since k is a constant, its value
does not aﬀect our main results. In the MU both countries’ inﬂation rates are the


















The ﬁrst order condition of the CB’s minimization problem
−u + IMU (1 − α)π =0 (3.10)54 CHAPTER 3. FROM FLOATING TO MONETARY UNION
provides the reaction function of the CB to wages,
m = ψ + k − βπ
e +






α[1+IMU (−1+α)2] is a constant and w = s1w1 + s2w2.T h e
CB either expands or contracts the money supply as a reaction to increasing nominal
wages. If the CB is suﬃciently conservative, 1 − α (1 − α)(β/ρ+ δ)IMU < 0,t h e ni t
counteracts the increase of nominal wages by reducing the money supply.
CCD (2004) obtain a similar condition for contractions/expansions by the CB,
1 − α (1 − α)IMU < 0. T h i si sb e c a u s et h ed e t e r m i n i s t i cv e r s i o no ft h es t o c h a s t i c
model in CCD (2004) is a special case of our model when β/ρ =1and δ =0 .
Comparing results, we see that the CB has a tighter monetary policy than in CCD
(2004) if β/ρ + δ>1, and looser monetary policy otherwise. Using the estimates
β =0 .5, ρ =0 .05 and δ =1shows that the empirically relevant case is β/ρ+ δ>1.
3.2.3 Labor Unions in the Monetary Union
Next we turn to the optimization problem of labor unions, the third stage of the game.
Labor unions anticipate the reaction of ﬁrms and of the CB to their wage demands,
and take the wages set by other labor unions as given. They set nominal wages so as
to obtain the highest possible real wages and the lowest unemployment for their union









where the only diﬀerence with the previous monetary regime is that the real wage is
calculated using the general price level in the common currency, p.
As before, let Zwc ≡
d(wic−pc)
dwic , i.e. the elasticity of the real wage of a union with
respect to the union’s nominal wage. Let Zuc ≡
duic
dwic denote the semi-elasticity of the
unemployment rate of a union with respect to the union’s nominal wage. We obtain the
ﬁrst order conditions of the labor unions’ minimization problem for the two countries
as
−Zwc + AZucuc =0 . (3.12)
For the particular case of the MU the values for Zwc,Z uc are derived in Appendix
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− sc [η − α(1 − α)IMU]
, (3.13)
w h e r ew eu s et h eu p p e ri n d e xMU on uc for clear reference to the MU. Under perfect










c is given in (3.13). This shows that the inﬂation rate is proportional to the
MU-wide unemployment rate.
3.3 The Consequences of the Regime Change
This section investigates how the mechanism of wage deterrence is aﬀected by the
change of the monetary regime from ﬂoating to MU. The focus is on the inﬂation-
unemployment trade-oﬀ a n do nu n e m p l o y m e n tf e a r st r a n s m i t t e df r o mt h ef o r e i g n
country.
3.3.1 The Inﬂation-Unemployment Tradeoﬀ
T h ec h a n g eo fm o n e t a r yr e g i m ec h a n g e st h et r a d e o ﬀ between inﬂation and unemploy-
ment. The comparison of the Phillips curves under national monetary policies and MU
involves two eﬀects. One eﬀect is ﬁx i n gt h ee x c h a n g er a t ea n dt h es e c o n di sc h a n g -
ing the size of the monetary area from the national monetary area of one country to
the MU’s area of two countries. We are interested in the tradeoﬀ f a c e db ye a c hC B ,
therefore, we do not isolate the comparison to the same monetary area. Instead, we
investigate the two eﬀects combined, because that aﬀects the optimization problem of
the monetary authority.
The Phillips curve faced by a ﬂoating CB is derived by expressing money demand56 CHAPTER 3. FROM FLOATING TO MONETARY UNION
mc from equation (2.30) and substituting it in equation (2.33), which yields




























−[α +( 1− α)η]
h
1 − α + αδ + α
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1 − α + αδ + α
β




The Phillips curve faced by the common CB in the MU is obtained by expressing
money demand m from equation (3.8) and substituting it in equation (3.9),
π =
α +( 1− α)η
α
θ +( 1− α)l0 − (1 − α)u + w. (3.17)
T h es l o p eo ft h eP h i l l i p sc u r v ei nt h eM Ui s
dπ
du
= −(1 − α) < 0. (3.18)















This shows that the CB balances unemployment and inﬂation based on the relative
weight represented by the CB conservativeness I multiplied by dπ
du,t h es l o p eo ft h e
Phillips curve. Hence, the slope of the Phillips curve has the same role as conserva-
tiveness I in balancing u and π. The degree of CB conservativeness characterizes the
tilt of the indiﬀerence curves of the CB’s preferences, and the slope of the Phillips
curve represents the slope of the constraint, which match in equilibrium. Aﬀecting
either of these parameters impacts on the balance set by the CB.
I tf o l l o w st h a tt h ee ﬀect of a ﬂatter Phillips curve in the MU is similar to the eﬀect
of lower CB conservativeness: The CB provides more accommodation for the LUs’
wage demands due to a ﬂatter Phillips curve or due to lower conservativeness. The
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Figure 3.1: CB optimization under ﬂoating and MU.
rather than unemployment. As a consequence, in both cases LUs perceive weaker
unemployment threats and demand wages more aggressively.
Figure 3.1 illustrates the optimization problem of a CB under diﬀerent monetary
regimes. The indiﬀerence curves of the CB are based on the quadratic loss function
of the CB. The constraints are the Phillips curves from equations (3.17) and (3.15).
The ﬁgure shows that a Phillips curve with a ﬂatter slope induces the CB to reduce
equilibrium unemployment relative to inﬂation. Although it is not drawn in the ﬁgure,
the MU’s higher nominal wage demands shift upward the MU’s Phillips curve to an
extent that both unemployment and inﬂation will be higher under MU than under
ﬂo a t i n g .N e x tw es u m m a r i z et h eﬁndings in a proposition and provide some intuition
for a ﬂatter Phillips curve in the MU.
Proposition 3.1 Monetary uniﬁcation changes the tradeoﬀ between unemployment
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Proof. See Appendix 3.A.4.
Under ﬂoating the domestic CB has a limited impact on the real interest rate, which
is determined internationally, but it has full impact on the country’s price level, which58 CHAPTER 3. FROM FLOATING TO MONETARY UNION
is insulated from abroad by a ﬂexible exchange rate. On the contrary, under the MU
the common CB has a full impact on the real interest rate, which is determined within
the MU, but the impact on country speciﬁci n ﬂation is limited by the adjustment of
prices in the rest of the MU, which is not insulated by the ﬁxed exchange rate within
the MU.
These eﬀe c t sa r em o s ta p p a r e n ti nt h ep a r t i c u l a rc a s eo fas m a l lc o u n t r y ,w h e r et h e
CB cannot aﬀect the real interest rate, but only the price level. Thus, unemployment
is less responsive relative to inﬂation. Hence, the CB lowers the price level relative
to the unemployment rate. However, after the small and large countries form a MU
the common CB does aﬀect the real interest rate and both the demand and supply
channels of the monetary transmission mechanism operate in the small country. The
common CB can only aﬀect the small country’s price level if it changes the price
level of the entire monetary area. Hence, in the MU inﬂation is inelastic relative to
unemployment, and the common CB reduces the unemployment rate relative to the
inﬂation rate.
The change in the inﬂation-unemployment trade-oﬀ is anticipated by labor unions
and it aﬀects their wage-setting behavior. Labor unions anticipate that after uniﬁca-
tion the CB chooses to reduce unemployment more at the expense of inﬂation. That
is, the CB is seen to be more accommodative to wage demands. That diminishes the
labor unions’ unemployment fears and provides incentives for more aggressive wage
demands in the MU.
3.3.2 The Impact of the MU on Unemployment and Inﬂation
Next we investigate the direct eﬀect of monetary uniﬁcation on equilibrium inﬂation
and unemployment. In order to isolate this eﬀect, the assumption is that the change
in the monetary regime is not accompanied by the change of the structural parameters
of the model. We ﬁn dt h a tt h er a t eo fu n e m p l o y m e n ta n di n ﬂation are higher in
the MU than under ﬂoating regime provided that all CBs have the same degree of
conservativeness.
Proposition 3.2 Given I1 = I2 = IMU, the shift from a ﬂexible exchange rate regime
to a monetary union results in
(i) an increase in the unemployment rate uFloat
c ≺ uMU
c ;
(ii) an increase in the inﬂation rate πFloat
c ≺ πMU if δ =1 .
Proof. See Appendix 3.A.4.3.3. THE CONSEQUENCES OF THE REGIME CHANGE 59
Intuitively, the formation of the MU generates the following changes. First, the
deterrence of the foreign CB ceases. As shown in (2.43), if the substitution eﬀect
dominates, the foreign CB contracts more against home wage demands than the home
CB. Instead of the foreign CB, the common CB sets the money balances in the foreign
economy. Money balances contract uniformly in the two economies, which means
weaker contraction in the foreign country under the MU than under ﬂoat. Hence, the
threats to home LUs transmitted through exports are weaker. Within the MU the
remaining threat is represented only by the rise in the real interest rate in the foreign
country, which reduces the exports of the home country. Thus, the deterrence of wage
demands is weaker and higher inﬂation and unemployment emerge in the MU. The
second eﬀect is a ﬂatter Phillips curve in the MU. This eﬀect was described in detail
above. These two eﬀects explain why uniﬁcation yields worse economic performance
in both countries.
The existing literature ﬁnds similar results in closed economy settings. Gruner
and Hefeker (1999) and Cukierman and Lippi (2001) explain the reduced economic
performance in the MU with the reduced degree to which labor unions internalize
the eﬀects of their wage demands on the economy, which triggers the anti-inﬂationary
reaction of the CB. This is due to a larger number of labor unions relative to the
monetary area. Each labor union perceives that it is in smaller part the cause of the
rise in inﬂation in the MU. Hence the anti-inﬂationary reaction of the common CB
deters less the wage demands. By contrast, in our model the unemployment rate in
country 1 is only a function of the number of LUs in country 1 n1 only, both before
and after uniﬁcation, and not a function of n2, as equations (2.46) and (3.13) show.
In this sense, in our model a LU internalizes the eﬀects of its wage rise to the same
degree under both regimes.
3.3.3 The Impact of Uniﬁcation on Trade
A usual argument in favor of a monetary union is that it increases the volume of
trade. However, from the strategic interactions point of view, the volume of exports
and imports is aﬀected negatively by uniﬁcation. The volume of exports is obtained by
assuming that the number of consumers is proportional to country size. The exports
of good j produced in country c are bought by a continuum of consumers h ∈ (sc,1)
in the other country. There is a continuum of variety of goods j ∈ (0,s c) produced in60 CHAPTER 3. FROM FLOATING TO MONETARY UNION






yjhdhdj = sc (1 − sc)yc. (3.19)
A detailed derivation of this expression is provided in (3.26) in Appendix 3.A.5. Im-
ports are the exports of the other country. This shows that the volume of exports is
proportional to output. Uniﬁcation aﬀects the economy adversely, yielding higher un-
employment and lower output. Hence, uniﬁcation aﬀects the volume of international
trade adversely as well, because exports are proportional to output.
3.4 The Eﬀects of Country Characteristics
In this section we look at the eﬀects of some of the parameters on the costs of joining the
MU. In particular, we study the eﬀects of CB conservativeness, relative price elasticity
of demand, centralization of wage bargaining and country size on the beneﬁts and
costs of uniﬁcation.
3.4.1 Conservativeness
This section considers three scenarios of forming the MU. The ﬁrst scenario isolates
the eﬀect of the MU for both countries by assuming that all CBs’ conservativeness is
t h es a m e .T h es e c o n ds c e n a r i oi s o l a t e st h ee ﬀect of the MU only for the home country.
The third scenario relaxes the assumptions about conservativeness and studies which
type of CB is worth being replaced by a MU.
T h ed i r e c ti m p a c to fM Uo nb o t hc o u n t r i e s
We assume that the degree of conservativeness is the same in all countries before and
after uniﬁcation, I ≡ I1 = I2 = IMU. This isolates the direct eﬀect of monetary regime
change.
Proposition 3.3 Monetary uniﬁcation does not aﬀe c tu n e m p l o y m e n ti ft h eC B sa r e
ultra-populist I → 0 or ultra-conservative I →∞ , provided that there is more than
one labor union.
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It follows that the largest rise in unemployment is at an intermediate degree of
conservativeness, provided that there is more than one labor union.
An ultra populist CB that targets only the unemployment rate but not the inﬂation
rate, accommodates wage demands in both regimes. This reduces most the fears of
L U sa n di tm a k e sn od i ﬀerence for the labor unions to face two CBs before the MU
or one CB after the MU, yielding the same equilibrium unemployment. However, in
the case of a monopoly labor union unemployment is still higher in the MU even if the
CBs are ultra populist.4
Ultra conservative CBs exercise maximum discouragement to labor unions against
raising wages under both monetary regimes. Therefore, labor unions do not perceive
a change in discouragement and unemployment does not rise after uniﬁcation.
T h ed i r e c ti m p a c to fM Uo nt h eh o m ec o u n t r y
Next we allow the degrees of conservativeness to diﬀer between the two countries
preceding uniﬁcation, which may represent a more realistic point of view. The impact
of the change in monetary regime is isolated only for the home country, but not for
the foreign country, by keeping I1 = IMU. The foreign country has a given ﬁxed level
of conservativeness I2. Consider the set
Ω
0 ≡ {Ω,δ=1 ,ρ=0 .05,β=0 .5}. (3.20)
Conservativeness has the following eﬀect on the home country’s uniﬁcation.
Proposition 3.4 Suppose that the degree of conservativeness remains the same after
uniﬁcation in country 1, I1 = IMU, foreign CB conservativeness I2 is ﬁnite and Ω0 is
given. In country 1 the regime change creates:
(i) lower unemployment, if the home CB and the common CB are ultra conservative;
(ii) higher inﬂation.
Proof. See Appendix 3.A.4.
Put diﬀerently, if a country, such as Germany, joins a MU of the same conser-
vativeness as itself, then Germany beneﬁts from lower unemployment provided the
conservativeness of the MU is suﬃciently higher than the foreign country’s conser-
vativeness. However, Germany still faces higher inﬂa t i o ni nt h eM U .I n t e r e s t i n g l y ,
4If nc =1and I =0 ,t h e nuFloat
c = α(1 − sc)/η +( 1− α), w h i c hi sl e s st h a nuMU
c =1+
α(1/η − 1).62 CHAPTER 3. FROM FLOATING TO MONETARY UNION
the higher overall conservativeness in the MU is not suﬃcient to oﬀset the adverse
inﬂationary eﬀect of the MU.
There are two eﬀe c t sa tw o r k .O n ei st h ea d v e r s ee ﬀect of weaker wage deterrence
i nt h eM U .T h es e c o n di st h eb e n e ﬁcial eﬀect of higher conservativeness for the foreign
country inside the MU. If the second eﬀect dominates, home unemployment is lower
in the MU.
Home inﬂation increases even if home unemployment falls. The beneﬁt of replacing
a foreign CB with a more conservative common CB is not suﬃcient to outweigh the
eﬀect of a ﬂatter Phillips curve on inﬂation. As explained earlier in the previous
section, the unemployment-inﬂation trade-oﬀ changes with uniﬁcation in the favor of
unemployment and at the expense of inﬂation. Thus, we may obtain the interesting
result of lower unemployment and higher inﬂation emerging due to uniﬁcation.
The total impact of a change in conservativeness and monetary regime
Next we investigate the case of two countries that join a MU with diﬀerent degrees of
conservativeness. That is, we assume that the degree of conservativeness of the foreign
CB and the MU are given. We ask which type of national CB is worth being replaced
by a common CB.
Proposition 3.5 The less conservative the CB of the home country, the better for
that country is in terms of both unemployment and inﬂation to join a MU, given IMU
and given I2.
Proof. See Appendix 3.A.4.
This implies that a country with low enough conservativeness relative to the other
country, may beneﬁtf r o mj o i n i n gaM U .T h el e s sc o n s e r v a t i v et h eh o m eC B ,t h el a r g e r
the diﬀerence from the given conservativeness of the common CB. By joining the MU
labor unions experience a rise in unemployment fears, which deters wage demands.
The implication of the last two propositions is shown by the following example. A
relatively conservative country (Germany) is better oﬀ joining a similarly conservative
MU with a less conservative country (Italy) rather than with a likewise conservative
country (United Kingdom). In the country with suﬃciently less conservativeness both
inﬂation and unemployment fall. However, in the conservative country (Germany)
only the unemployment rate falls, whereas inﬂation rises.3.4. THE EFFECTS OF COUNTRY CHARACTERISTICS 63
3.4.2 Product Substitutability
In this subsection we investigate how the degree of the substitutability of interna-
tionally traded goods aﬀects the cost of uniﬁcation. We consider a special case using
the empirical estimate for the transactions demand for money coeﬃcient δ =1from
Ireland (2001).
Proposition 3.6 Assume that I1 = I2 = IMU and δ =1 .T h er i s ei nt h eu n e m p l o y -
ment rate due to monetary uniﬁcation is a decreasing function of the relative price
elasticity of product demand η.
Proof. See Appendix 3.A.4.
A higher elasticity of product substitution means more competition in the product
markets and the competition is transmitted to the labor markets as well. This hap-
pens through increased demand for labor in the industry that has a more competitive
product. A LU faces threats of unemployment from two sources: from other labor
unions and also from the CBs. The creation of the MU reduces the threat from mon-
etary policy. The higher η, the stronger the competition in the product market, the
stronger the unemployment fears from competition with other LUs through the prod-
uct markets, and the less important is the reduced threat from the monetary regime
change. Asymptotically when η tends to inﬁnity, the type of the monetary regime is
neutral and the results of the two regimes converge. Thus, we establish that stronger
international competition diminishes the costs of forming the MU.
3.4.3 Centralization of Wage Bargaining
The degree of centralization of wage bargaining institutions has the following eﬀect on
the costs of forming the MU.
Proposition 3.7 Assuming I1 = I2 = IMU, the rise in unemployment and inﬂation
due to uniﬁcation is smaller the higher the number of labor unions in the country.
Proof. See Appendix 3.A.4.
The higher the number of LUs, the less a LU internalizes the economic impact of
its own wage rise and the threat from the CB. Since the threat from monetary policy is
internalized less, the monetary regime change has a smaller impact on the LUs’ wage
deterrence and therefore, on unemployment and inﬂation.64 CHAPTER 3. FROM FLOATING TO MONETARY UNION
Asymptotically, when the number of LUs tends to inﬁnity, LUs become atomistic
and the change in the monetary regime has no eﬀe c to nu n e m p l o y m e n t ,b u ti ts t i l l
raises the inﬂa t i o nr a t e .T h er e a s o ni st h a tw h i l et h en u m b e ro fl a b o ru n i o n si nt h e
home country tends to inﬁnity, in the other country the number is kept ﬁxed. In the
MU there is a common inﬂation rate and it increases in the aggregate, even if LUs are
atomistic in one of the countries.
3.4.4 Country Size
An inﬁnitesimal country incurs the following cost of joining the MU.
Proposition 3.8 In an inﬁnitesimal country monetary uniﬁcation has no eﬀect on
unemployment, but inﬂation rises.
Proof. See Appendix 3.A.4.
In an inﬁnitesimal country the monetary transmission mechanism has a single
channel at work. Only the supply channel operates as the CB reduces the price level
to increase production. The demand channel does not operate, because the real interest
rate is ﬁxed by the large country. The CB aﬀects prices with relative ease and output
with relative diﬃculty. As a consequence, the CB chooses to reduce inﬂation at the
expense of a relatively rigid unemployment.
It implies that domestic unemployment threats against labor unions do not op-
erate in the small economy through the demand channel. Instead, threats from the
foreign CB represent an important deterrence. After the MU forms domestic objec-
tives have zero weight in the common monetary policy. In fact, the common monetary
policy is similar to the former foreign monetary policy. Thus, unemployment is largely
determined from abroad under both regimes and it has the same rate.
The only change that the MU brings for the small country is the disappearance
of the home CB, while the foreign CB remains and is relabeled the common CB. The
home CB keeps low inﬂation relative to unemployment prior to the MU. In the MU the
inﬂation rate is the same in both countries. It is the inﬂation rate of the inﬁnitesimal
country that adjusts upward to the rate of the large foreign country. This explains the
rise in the inﬂation rate and the unchanged unemployment rate in the inﬁnitesimal
economy.
At the other extreme, a large all-encompassing economy already resembles the
monetary union. It is straightforward that both inﬂation and unemployment remain
unchanged. The regime change generates higher unemployment and inﬂation at an3.5. ASYMMETRIC ANTICIPATIONS 65











Figure 3.2: The unemployment rate as a function of country size.












Figure 3.3: The inﬂation rate as a function of country size.
intermediate country size. The unemployment rate is illustrated in Figure 3.2 and the
inﬂation rate in Figure 3.3 as functions of country size; solid line: ﬂoating regime;
dashed line: MU regime; the values of the parameters are α =2 /3, Ic = I−c = IMU =
10, η =5 , n1 = n2 =2 , ρ =0 .05, β =0 .5, δ =1 , A =5 . The diﬀerence between the
dashed and the solid lines shows that the increase in both unemployment and inﬂation
as a result of uniﬁcation are hump-shaped functions of country size.
3.5 Asymmetric Anticipations
One of the main arguments in favor of the MU is that the problem of correctly antic-
ipating the exchange rate disappears in the MU and that may increase the volume of
trade. In this section we explore a mechanism in which the ability to anticipate has an66 CHAPTER 3. FROM FLOATING TO MONETARY UNION
impact on the strategic interactions between LUs and CBs. If LUs are unable to antic-
ipate correctly the reactions of the ﬁnancial markets, that weakens the feedback from
markets to their wage demands. In the absence of a proper feedback, LUs internalize
to less extent the reaction of CBs and have either less incentives or less deterrence to
increase wages.
This section is an extension of the previous analysis in which the assumption of
perfect anticipations is relaxed. In the previous sections we assumed that LUs antici-
pate the reactions of both the domestic and the foreign CB. Here instead, we assume
that labor unions have asymmetric anticipations and ignore the reactions of the for-
eign CB. The reason for relaxing perfect rationality is that it seems a plausible and
more realistic approach for describing interactions between LUs and CBs. Kilian and
Taylor (2003) note that exchange rates are hardly distinguishable from random walk,
w h i c hi sa na r g u m e n tf o rt h ed i ﬃculty to anticipate correctly the reactions of foreign
monetary policy.
We assume that LUs know the reaction of markets to foreign monetary policy.
That is, they know the behavior of consumers, ﬁrms, their domestic CB and other
L U sa saf u n c t i o no fm−c, the foreign money supply. For that reason we assume
that LUs perceive equations (2.30) and (2.33). LUs only do not know the reactions
of foreign monetary policy and ignore it. Although domestic monetary policy reacts
to foreign monetary policy, LUs ignore such reactions. Hence, LUs are unable to
anticipate correctly the reactions of domestic monetary policy either. They are able to
anticipate only the direct reaction of domestic monetary policy to their wage and not
the indirect reactions of the domestic CB that are induced by responses from foreign
monetary policy.
We maintain the perfect anticipations assumption on the part of ﬁrms and CBs.
The reason is that ﬁrms act last, in the third stage of the game, therefore, they do
not need to anticipate the actions of the CBs, rather they receive information about
the CBs reactions. We keep the assumption of perfect anticipations for the CBs,
because they are institutions for policy research and their actions have an important
international dimension, which they internalize in full as the single monetary authority
of the country.
3.5.1 Equilibrium with Asymmetric Anticipations
The model is as described in section 2. Solving with backward induction, in the third
stage of the game ﬁrms set prices as in equation (2.7). The unemployment rate and3.5. ASYMMETRIC ANTICIPATIONS 67
the aggregate price level are determined in equations (2.30) and (2.33), respectively, as
functions in the form uc (wc,w −c,m c,m −c) and pc (wc,w −c,m c,m −c). These functions
represent the anticipations of the two CBs. In the second stage of the game the CBs
set the optimal money supply in the two countries simultaneously and the result is
provided in equation (2.37). In the ﬁrst stage of the game, wages are set by the labor
unions that have asymmetric anticipations. Only this stage of the game is aﬀected by
the asymmetric anticipations assumption. A labor union anticipates the reactions of
other labor unions, the domestic CB and all ﬁrms, before it sets its nominal wage into
contract, but it does not anticipate the reaction of the foreign CB.
The labor unions have the same objective function as before, but we introduce
a constraint specifying that the unions ignore the reaction of the foreign CB. The
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The ﬁrst term is the home CB’s indirect reaction, which is due to the reaction of the
foreign monetary policy to home wages and the second term is a direct reaction to
domestic wages. We assume dm2
dw1 =0 ,t h u st h eC B ’ sr e a c t i o nt oh o m ew a g e si sr e d u c e d
to the direct part
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which is obtained by diﬀerentiating equation (2.36).
The equilibrium results under the constraint of asymmetric anticipations are a
special case of the more general result under perfect anticipations obtained in previous
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where the superscript AA stands for asymmetric anticipations. The equilibrium inﬂa-
t i o nr a t ei sg i v e ni ne q u a t i o n( 2 . 4 7 ) .U n d e rt he constraint of asymmetric anticipations
we use the unemployment rate uAA











3.5.2 The Eﬀects of Asymmetric Anticipations
In order to understand the inﬂuence of foreign monetary policy on home wage setting,
we investigate the direct eﬀect of relaxing the assumption of perfect anticipations.
We compare the equilibrium results under perfect and asymmetric anticipations in
the following proposition. The exercise highlights the impact of not anticipating the
reaction of the foreign CB on unemployment threats.
Lemma 3.1 Unemployment and inﬂation are lower under perfect anticipations than
under asymmetric anticipations, if the substitution eﬀect dominates the real balance
eﬀect, η>ρ / β ,g i v e nδ =1 .
Proof. See Appendix 3.A.4.
If the substitution eﬀect dominates the real balance eﬀect, a home nominal wage
rise lowers foreign unemployment and increases foreign inﬂation. Hence, irrespective of
conservativeness, the foreign CB does not accommodate home wage demands. How-
ever, LUs ignore the foreign CB’s deterrence and higher wages, unemployment and
inﬂation emerge.
If the real balance eﬀe c td o m i n a t e st h es u b s t i t u t i o ne ﬀect, a home nominal wage rise
increases both foreign unemployment and foreign inﬂation. Hence, a relatively populist
foreign CB accommodates home wages and a relatively conservative one counter-reacts.
In the former case LUs ignore the incentives of the foreign CB to raise wages. In the
latter case they ignore its deterrence. Thus, if the real balance eﬀect dominates, perfect
anticipations yield lower inﬂation and unemployment provided that conservativeness
is suﬃciently high.
3.5.3 Monetary Uniﬁcation under Asymmetric Anticipations
Next we proceed to compare the results with the MU. Note that the model of the MU
is the same under asymmetric anticipations and perfect anticipations, because in the
MU there is no foreign CB that labor unions can ignore. All parameters of the model3.5. ASYMMETRIC ANTICIPATIONS 69
are kept unchanged, including conservativeness, i.e. I ≡ I1 = I2 = IMU. The following
proposition presents the eﬀects of the MU.
Proposition 3.9 Provided that labor unions have asymmetric anticipations, the for-
mation of the monetary union generates the following changes:
(i) the unemployment rate is lower in the MU if the central banks are suﬃciently con-
servative, but higher otherwise;
(ii) the inﬂation rate increases.
Proof. See Appendix 3.A.4.
In the ﬂoating regime labor unions do not perceive unemployment threats from
abroad, due to asymmetric anticipations. However, in the MU they anticipate the part
of money balances destined for foreign use. This is because the LUs know the money
demand of markets. In the MU the common CB’s money supply is distributed to
match the home and the foreign money demand. Depending on the conservativeness
of the common CB, labor unions may perceive that an accommodative stance or a
conservative threat replaces their former ignorance. The ﬁrst generates incentives and
the latter deterrence for the LUs’ wage demands. Thus, unemployment increases if
the CB is relatively populist and decreases if the CB is relatively conservative.
In fact, the CB has to be suﬃciently conservative to oﬀset the eﬀect of a ﬂatter
Phillips curve in the MU. The ﬂatter Phillips curve induces a more accommodative
stance from the CB, which has the eﬀect of increasing wages and unemployment. A
suﬃciently conservative common CB contracts foreign money balances and generates
suﬃcient unemployment threats that oﬀsets the eﬀect of the Phillips curve and unem-
ployment falls.
Additionally, also the fears from the home CB are dampened by asymmetric antic-
ipations. Although the foreign CB induces further reactions from the home CB in the
same direction, this is ignored by LUs. LUs anticipate only part of their domestic CB’s
reactions. Thus, asymmetric anticipations weaken the deterrence and the incentives
of the domestic CB under ﬂoating. This reinforces the above mentioned eﬀects of the
MU.
Inﬂation is higher in the MU irrespective of CB conservativeness. The discrepancy
between higher inﬂation and lower unemployment is explained by the ﬂatter Phillips
curve. The CB exploits the Phillips curve by setting lower unemployment relative to
higher inﬂation.70 CHAPTER 3. FROM FLOATING TO MONETARY UNION
3.6 Conclusions
This chapter investigated the economic impact of the institutional change from ﬂoating
to MU. We looked at the eﬀect of reducing the number of central banks to one, while
keeping all parameters unchanged. The mechanism that creates the impact of the
regime change, diﬀers from the related literature in several major points. This is an
open economy model and the regime change aﬀects the deterrence of wage demands
from the other country’s monetary policy as well as the slope of the Phillips curve.
Moreover, the eﬀect of the regime change is transmitted through both supply and
demand channels of monetary transmission, creating a stronger impact on the fears of
unemployment.
The main result of the model is that replacing the ﬂoat with the MU generates
higher long term inﬂation, unemployment and lower trade. This is explained (i) by the
weakened deterrence of LUs through the export sector as the foreign CB disappears
and (ii) by more monetary accommodation due to a ﬂatter Phillips curve. This result
also implies lower welfare in the MU as measured by a social loss function of inﬂation
and unemployment.
This result is supported by earlier models in the literature.5 Moreover, this result
has empirical support from Hancke and Soskice (2003), who argue that the fact that
EMU-wide inﬂation has been above the ECB target in recent years is attributable to
the weaker self-restraint of labor unions after uniﬁcation.
We estimate the output loss attributable to weaker wage deterrence in the MU at
0.15 percent of GDP, which appears small relative to the growth rate of the EU. This
can be outweighed by other factors, such as a higher conservativeness of the common
CB or the elimination of exchange rate ﬂuctuations. Most of the countries that joined
the EMU have experienced a rise in the conservativeness of monetary policy. Frankel
and Rose (2002) ﬁnd empirical evidence that ﬁxing a currency increases trade and
output. What alleviates the cost of the MU in our model?
Better economic integration, that is stronger international competition (higher elas-
ticity of substitution) and more decentralization in wage bargaining (higher number
of LUs) reduce the unemployment and inﬂation cost of the MU.
By forming a MU and getting rid of a non-conservative neighbor, a conservative
country may beneﬁt in terms of unemployment, although not inﬂation. That is, Ger-
5See Soskice and Iversen (1998), Gruner and Hefeker (1999), Cukierman and Lippi (2001), Varti-
ainen (2002). An exception is Jensen (1997), who ﬁnds that the MU can improve economic perfor-
m a n c ei fL U sa r ei n ﬂation averse.3.6. CONCLUSIONS 71
many possibly encountered less cost by forming the MU with Italy rather than with
the United Kingdom.
By considering asymmetric anticipations on the part of LUs, that is when LUs an-
ticipate only domestic CB reactions, the model exhibits the possibility of higher output
and trade although inﬂation is higher as well. Hence, we see that the adverse eﬀect of
the MU is stronger on inﬂa t i o nt h a no nu n e m p l o y m e n t .W h i l et h ea d v e r s ei m p a c to n
unemployment can be overturned by the assumption of asymmetry in conservativeness
between Germany and Italy or the assumption of asymmetry in anticipations, which
increase wage deterrence in the MU, the adverse impact on inﬂation persists. This is
explained by a ﬂatter Phillips curve in the MU.
We conjecture that assuming inﬂa t i o na v e r s eL U s ,t h eM Uc a nb eb e n e ﬁcial for
economic performance. The reason is the following. The MU ﬂattens the Phillips
curve, which is tantamount to lower CB conservativeness. However, CCD (2006) show
that if LUs are inﬂation averse, equilibrium unemployment is an inverted-U function of
conservativeness. That is, below a critical level of conservativeness, unemployment in-
creases in conservativeness, which implies that unemployment decreases as the Phillips
curve ﬂattens. In this range the MU would improve economic performance. A similar
result is found by Jensen (1997) in the presence of inﬂation averse LUs. A possible
problem with this approach is whether such a range of low CB conservativeness and
high LU inﬂation aversion is realistic. The model in this chapter does not consider
inﬂa t i o na v e r s eL U sa n dt h i si sl e f tf o rf u r t h e rr e s e a r c h .72 CHAPTER 3. FROM FLOATING TO MONETARY UNION
3.A Appendix
3.A.1 Money Demand in the MU
CCD (2004) proceed by using the aggregate money demand as an aggregate function of
the two country speciﬁc money demand equations. By contrast, we use country speciﬁc
money demand as a function of MU-wide money demand. In order to maintain the
connection with the CCD (2004) model, here we derive the aggregate money demand
of the common monetary area. The country speciﬁc money demand from equation
(2.12) is restated here in per capita terms,
M
d
c = P exp(−βi)KcY
δ
c .
In per country terms,
scM
d
c = scP exp(−βi)KcY
δ
c .























































2δ (y2 − y
∗
2)
= k + δ[φy1 +( 1− φ)y2],
where k>0 and 0 <φ<1 are constants comprising the appropriate constant
terms above, that is, k ≡ log
¡
s1K1Y ∗δ




1 − (1 − φ)y∗







2δ. Using the above result, money demand is approximately
m
d = p − βi+ k + δ[φy1 +( 1− φ)y2].
Assuming K1 = K2 and symmetric equilibrium output, Y ∗
1 = Y ∗
2 , it follows that
φ = s1.3.A. APPENDIX 73
3.A.2 Exact Solution of Money Balances in the MU
Substituting the money demand m1 from (3.1) into (2.30), (2.33) and (3.2) yields the
unemployment rate, the price level and the MU-wide total money demand respectively,
each as a function of m2, w1, w2,
u =˜ u(m2,w 1,w 2),
p =˜ p(m2,w 1,w 2),
M = ˜ M (m2,w 1,w 2).













Dividing both sides of this equation with
dm2








This equation gives the money balances supplied by the common CB in country 2.
In country 1 the volume of money balances is determined by exchange rate parity,
equation (3.1).
3.A.3 Derivation of Equilibrium Unemployment in the MU
The elasticity Zwc =1−
dp
















The ﬁrst derivative is dwc
dwic = 1
nc, and we use equations (2.33) and (3.11) to substitute
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The elasticity Zuc =
duic











α + η(1 − α)















Rearranging equation (3.24) yields
Zuc =
η













3.A.4 Proof of Propositions
P r o o fo fP r o p o s i t i o n3 . 1















¯ ¯ ¯.F r o m






P r o o fo fP r o p o s i t i o n3 . 2
Comparing expressions in (2.46) and (3.13) shows that uFloat
c ≺ uMU
c . Comparing
expressions (2.47) and (3.14) shows that πFloat
c ≺ πMU holds for δ =1 .
P r o o fo fP r o p o s i t i o n3 . 3









c =1+α(1/η − 1).










(1 − α)(η + α − αη)nc
(1 − α)ηnc − αsc
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P r o o fo fP r o p o s i t i o n3 . 4







≺ 0. (ii) Using (2.47) and (3.14) πMU − πFloat
1 Â 0.
P r o o fo fP r o p o s i t i o n3 . 5










P r o o fo fP r o p o s i t i o n3 . 6




dη ≺ 0 from (2.46) and (3.13).
P r o o fo fP r o p o s i t i o n3 . 7
Deﬁne ∆uc ≡ uMU
c − uFloat
c and ∆πc ≡ πMU − πFloat
c using (2.46), (3.13), (2.47) and
(3.14). Assume that I1 = I2 = IMU. The following inequalities hold,
∆uc (nc) Â ∆uc (nc +1 ),
∆πc (nc) Â ∆πc (nc +1 ).
Moreover, limnc→∞ ∆uc =0and limnc→∞ ∆πc Â 0.
P r o o fo fP r o p o s i t i o n3 . 8
If sc =0 , then using (2.46) and (3.13) uMU
c − uFloat
c =0 , and using (2.47) and (3.22)
πMU − πFloat
c Â 0.
P r o o fo fL e m m a3 . 1
If η>β / ρand δ =1 , then from (2.46) and (3.13) follows uFloat
c ≺ uAA
c and from (2.47)
and (3.22) follows πFloat
c ≺ πAA
c .
P r o o fo fP r o p o s i t i o n3 . 9
(i) Subtracting (3.21) from (3.13) we obtain a fraction with a positive denominator.





c > 0 are functions of parameters other than I.L e tIcrit = B1
c/B2
c. It follows76 CHAPTER 3. FROM FLOATING TO MONETARY UNION
that if I>I crit then uMU
c <u AA
c and if I<I crit then uMU
c >u AA
c . (ii) πAA
c <π MU for
any I.
3.A.5 Derivation of Exports
















(1 − sc)[−η(pjc − pc) − ρr]dj
= sc (1 − sc)[−η(¯ pc − pc) − ρr]
= sc (1 − sc)yc.Chapter 4
The Merits of Pegging
4.1 Introduction
Currently, a number of countries1 maintain a peg to the euro by keeping the ﬂuctuation
of their exchange rates within very narrow bands of less than +/−2.5 percent. In the
presence of free capital ﬂows a country that pegs the exchange rate, gives up monetary
independence, due to a well known trilemma.2 With the future adoption of the euro
these countries will regain partly a monetary policy that is oriented also towards their
domestic objectives. For these countries the long term impact of replacing the peg
with the euro represents a fundamental policy question.
The present chapter addresses this question. Earlier answers to this question in the
literature suggest that the leader country3 loses and the follower country4 beneﬁts from
joining the MU in terms of employment.5 The result is driven by the closed economy
assumption of those models. In the absence of international trade and in the absence
of an explicit ﬁxed exchange rate mechanism, the leader CB and thus, the follower CB
do not react to wage demands in the follower country. However, as the EU members
are largely open economies, we propose to investigate this policy question in an open
economy setting in which the follower CB is allowed to react to domestic developments
in order to maintain the ﬁxed exchange rate. Thus, by modeling the exchange rate
peg explicitly, we ﬁnd results that contradict those previously known in the literature.
1A list of countries pegging to the euro includes Bulgaria, Cyprus, Denmark, Estonia, Latvia,
Lithuania and Slovenia.
2The trilemma is the tradeoﬀ among exchange rate stabilization, monetary policy independence
and free international capital mobility. See Obstfeld, Shambaugh and Taylor (2005).
3The country that conducts an independent monetary policy is called the leader.
4The country that subordinates its monetary policy by pegging is called the follower.
5See Cukierman and Lippi (2001), Gruner and Hefeker (1999), Soskice and Iversen (1998).
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When open economy linkages are acknowledged, the model shows that joining the MU
is beneﬁcial in terms of employment for the leader country, but not for the follower
country. For the leader country the fall in unemployment is explained by less monetary
accommodation due to the shift of the objective from local unemployment to MU-wide
unemployment. That increases the fears of unemployment for labor unions and reduces
wage claims. In the follower country the unemployment rate rises due to a common
monetary policy that is more accommodative than the follower’s monetary policy, for
which unemployment is not a domestic concern. The model of a ﬁxed exchange rate
regime is developed from the framework presented in chapter 2. The model of the MU
is taken from chapter 3.
The thesis has so far analyzed the consequences of regime change from ﬂoating and
pegging to MU. A natural extension of this analysis is to look at the tradeoﬀ between
a ﬂoating and a pegging exchange rate arrangement. The model shows that ﬁxing a
ﬂoating currency with a credible peg creates a ﬂatter Phillips curve and inﬂation rises
in both countries. Only the follower country can gain in employment, provided that
it gets rid of a populist domestic monetary policy.
The chapter is organized as follows. Section 2 presents the model of the ﬁxed
exchange rate regime. Section 3 compares economic performance in the ﬁxed exchange
rate regime and in the monetary union. Section 4 compares economic performance
under ﬂoating and pegging. Section 5 is an extension on labor unions that have
asymmetric anticipations about the reactions of home and foreign CBs. Section 6
presents concluding remarks.
4.2 The Model
The model of the pegged exchange rate regime is a sequential game that consists of four
stages. In the ﬁrst stage all labor unions set wages simultaneously, while anticipating
the subsequent move by other players. In the second stage, one of the CBs (the leader)
sets an independent monetary policy which is aimed at minimizing a quadratic loss
function of unemployment and inﬂation. The CB takes the nominal wage as given
from the previous stage and anticipates the reaction of the other CB and ﬁrms. In
the third stage, the other country’s CB (the follower) sets the monetary policy with
the purpose of maintaining a ﬁxed and credible exchange rate peg. The CB abandons
any other objective and subdues its monetary policy exclusively to maintaining the
peg. In the fourth stage ﬁrms set prices based on information obtained from previous4.2. THE MODEL 79
stages of the game. The game is solved with backward induction.
4.2.1 The Follower
In the fourth stage of the game the ﬁrms set prices as presented in Chapter 2. The
consumer price index, the unemployment rate and the exchange rate are anticipated
by the CBs as functions of money balances and wages according to equations (2.33),
(2.30) and (2.23).
In the third stage of the game the follower CB moves. In order to maintain a
credible and ﬁxed peg of the exchange rate, the follower CB subordinates its monetary
policy to the other country’s CB. It sets the money supply m2 so as to keep the peg of
the exchange rate ﬁxed, de =0 . To achieve that aim, the follower CB neglects inﬂation
and output as monetary policy objectives. The money supply of the follower CB is
tied to the money supply of the leader CB via the ﬁxed exchange rate. Expressing m2
in equation (2.23) yields
m2 = m1 +
αδη
α +( 1− α)η




α +( 1− α)η
¶
e





which is the reaction function of the follower CB and where the exchange rate e is
constant. This equation shows that the follower reacts to the leader’s money supply
and to relative wages in order to keep the exchange rate ﬁxed. A rise in the domestic
relative wage reduces output and money demand for transactions falls, which leads
to the depreciation of the home currency. To keep the exchange rate unchanged, the
follower contracts the money supply. The leader CB anticipates this reaction function
from the follower and reacts in the second stage of the game.
4.2.2 The Leader
The leader CB in country 1 implements an independent monetary policy. The leader
CB takes the follower’s reaction function expressed in equation (4.1) into account
before setting its own money supply. We substitute equation (4.1) into (2.30) and
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where the inﬂation rate, π is the diﬀerence between two period’s price levels, π =
pc −p0
c. Given a long term ﬁxed exchange rate and PPP, inﬂation is the same in both
countries, because π2 =( p1 − e)−(p0
1 − e)=π1, and we denote it with π. The previous
period’s price level p0
c is a constant normalized to zero. Expressing the money supply
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12 (w2 + e), (4.2)
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Expression (4.3) shows that the leader CB expands or contracts the money supply in
response to a domestic wage increase depending on its conservativeness. The critical




[(1 − α)ρ + αβ]η + α(ρ − βη)s1
α(1 − α){(1 − α)δηρ+[ α(β + δρ)+( 1− α)βη]s1}
,
which is obtained from µ
Peg
11 (Icrit
11 )=0 . The leader CB expands the money supply in
reaction to a wage increase in its own country in order to alleviate unemployment if
I1 <I crit
11 and contracts the money supply in order to alleviate inﬂation if I1 >I crit
11 .
Expression (4.4) shows that the leader CB contracts the money supply in response
to a foreign wage increase, provided that the substitution eﬀect dominates, η>ρ / β .
Otherwise, the leader CB contracts the money supply only if suﬃciently conservative,
I1 >I crit





(1 − α)[α(β + δρ)+( 1− α)βη]
,
which is obtained from µ
Peg
12 (Icrit
12 )=0 . The follower CB’s reaction function is obtained4.2. THE MODEL 81
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α+(1−α)η.I ts h o w s
that CB2 contracts the money supply more than CB1 in response to a wage increase
in country 2. The reason is that the wage rise reduces the transactions demand for
money and the supply of money requires an extra reduction to keep the exchange rate
unchanged. The opposite holds for a wage rise in country 1, in which case the leader
contracts stronger than the follower.
4.2.3 Labor Unions
Next we reach the ﬁrst stage of the game, where labor unions set the optimal wage.
The problem of the labor unions is exactly the same as described earlier. The result
for the equilibrium unemployment rate has th ef o r mp r e s e n t e di ne q u a t i o n( 2 . 4 6 ) .T h e
only diﬀerence here is represented by the wage elasticities of the money supply, µc,c
and µc,−c. Substituting (4.3) and the second coeﬃcient of (4.5) into (2.46) yields the
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. (4.6)















+ α(1 − α)I1s2
. (4.7)
In deriving the inﬂation rate, the leader CB’s ﬁrst order condition is used. The common








The common inﬂation rate is proportional to the unemployment rate of the leader
country, because that has the only active monetary policy that sets the optimal balance
for the inﬂation-unemployment trade-oﬀ.82 CHAPTER 4. THE MERITS OF PEGGING
4.3 From Peg to Monetary Union
In this section we investigate the consequences of changing the regime of the peg into a
MU. We use the equilibrium results of the MU model derived in Chapter 3. We simply
compare the equilibrium unemployment and inﬂation rates under the two regimes.
4.3.1 Unemployment
The regime change has the following eﬀect on unemployment.
Proposition 4.1 Replacing the ﬁx e de x c h a n g er a t er e g i m ew i t haM U ,w h i l ek e e p -
ing all parameters unchanged, including CB conservativeness I1 = IMU, leads to a
lower unemployment rate in the leader country and a higher unemployment rate in the
follower country.
Proof. See Appendix 4.A.1.
Under the peg the reactions of the leader CB are copied by the follower CB and
thus, eﬀectively the leader CB controls the money supplies of both countries.6 In the
MU the common CB moves the money supplies of both countries. Hence, one active
monetary policy aﬀects unemployment fears for all LUs under both regimes.
Uniﬁcation generates a shift in the objective function of the leader CB from tar-
g e t i n gt h el e a d e r ’ su n e m p l o y m e n tr a t et ot a r g e t i n gt h ew o r l du n e m p l o y m e n tr a t e .
H o w e v e r ,t h e r ei sn oc h a n g ei nt a r g e t i n gt h ei n ﬂation rate since inﬂation is the same
across countries. The shift from local unemployment to area-wide unemployment in
the CB’s objective creates a less accommodative or a more conservative policy in the
MU. That generates higher unemployment fears, which in turn moderate wage claims
and yields lower unemployment in the leader economy.
The follower country, on the other hand, experiences the eﬀects in opposite di-
rection. The follower country receives no attention for its unemployment rate from
monetary policy prior to uniﬁcation. If the substitution eﬀect dominates, the leader,
copied by the follower, contracts against any wage increase in the follower country.
T h i sc r e a t e ss t r o n gi n c e n t i v e sf o rl a b o ru n i o n st om o d e r a t et h e i rw a g ed e m a n d sb e f o r e
uniﬁcation. After uniﬁcation, however, the follower’s unemployment rate is targeted
and accommodated by the CB. That reduces labor unions’ fears of unemployment and
induces higher wages and unemployment.
6In fact, the follower CB adjusts the monetary policy, which it copies from the leader CB, for
the diﬀerences between the two countries in the transactions demand for money, which are due to
diﬀerences in nominal wages, see equation (4.1).4.3. FROM PEG TO MONETARY UNION 83
If the real balance eﬀect dominates, the leader and follower CBs may accommodate
wages in the follower country, provided that CB is not very conservative. By contrast,
in the MU the common CB accommodates to forestall the rise of unemployment in
both countries. Thus, the deterrence of LUs wage demands is weaker in the MU and
the follower country ends up with higher unemployment.
The literature on strategic interaction between a CB and labor unions describes
ad i ﬀerent eﬀect at work in a closed economy setting. If the economy is closed for
trade, then monetary uniﬁcation increases the number of labor unions that interact
with a CB. Each labor union internalizes to a smaller degree the impact of its own
wage on the economy, which leads to less moderation of wage demands. By contrast,
the present model describes an open economy, therefore, labor unions do interact with
the foreign CBs as well, even before uniﬁcation. Moreover, the exchange rate is ﬁxed,
which allows only one of the CBs to conduct an active monetary policy. There is only
one active monetary policy for both countries before and after uniﬁcation with which
all labor unions interact. Therefore, in our model a LU internalizes the eﬀect of its
wage demands to the same degree in both regimes.
Our ﬁnding diﬀers from the results of Soskice and Iversen (1998), Gruner and
Hefeker (1999) and Cukierman and Lippi (2001). They ﬁnd that the leader country’s
unemployment rate increases and the follower’s falls. The reason for the diﬀering re-
sults relies on two elements: (i) the open economy assumptions in the present model
compared to the closed economy considered there, (ii) the money supply as instrument
of the monetary authority here instead of the inﬂation rate. First, consider the leader
country. A closed economy implies that there is no interaction between the CB and
foreign labor unions before uniﬁcation. After uniﬁcation, however, all labor unions
interact with one CB, which leads to a smaller degree of internalization and more ag-
gressive wage claims in the leader country. Instead, in our open economy model labor
unions perceive less accommodation from the common CB as it targets average un-
employment, which moderates wage claims. Second, consider the follower country. In
the closed economy the follower country’s labor unions perceive that their wage claims
have zero eﬀect on inﬂation, because the follower’s inﬂation rate is set directly by the
leader CB according to the leader country’s domestic objectives, which are insulated
from abroad by the closed economy. After uniﬁcation labor unions internalize the anti-
inﬂationary response of the CB and moderate wage demands. Instead, in our open
economy the follower country’s LUs perceive that their wage claims have a non-zero
eﬀect on inﬂation even under the peg, because the leader CB reacts against imported84 CHAPTER 4. THE MERITS OF PEGGING








Figure 4.1: The change in the unemployment rate due to uniﬁcation in the leader
country (solid line) and in the follower country (dashed line).
inﬂation, although it does not accommodate to alleviate the follower’s unemployment.
In the MU there is more monetary accommodation and that leads to more aggressive
wage demands.
Figure 4.1 illustrates the eﬀect of the MU on the unemployment rate in both
countries as a function of country size. The solid line represents the leader country
and the dashed line represents the follower country. The parameter values are α =2 /3,
I1 = IMU =1 0 , η =2 , n1 =2 , n2 =2 , β =0 .5, ρ =0 .05, A =5 . Unemployment falls
in a small leader country, because the accommodative backing from the large follower
ceases with uniﬁcation. In the limiting case of an inﬁnitesimal leader country, there
is a gain from uniﬁcation thanks to the drastic shift in the objective of the CB, from
u2
1 + Iπ2 to u2
2 + Iπ2. This is similar to implementing an ultra-conservative monetary
policy for an inﬁnitesimal leader after uniﬁcation. A larger leader country gains less
from uniﬁcation and an all-encompassing leader country, which resembles a MU, is not
aﬀected.
4.3.2 Inﬂation
Gruner and Hefeker (1999) and Cukierman and Lippi (2001) ﬁnd that inﬂation rises
for both countries after uniﬁcation. However, we ﬁnd that inﬂation is reduced if the
leader country is not too large. The following proposition shows the impact of the MU
on the inﬂation rate.
Proposition 4.2 Uniﬁcation creates a lower common inﬂation rate for both countries
if the leader country is suﬃciently small.
Proof. See Appendix 4.A.2.4.4. FROM FLOAT TO PEG 85






Figure 4.2: The inﬂation rate under pegging and monetary union as a function of
country size.
The inﬂation rate, which is the same across countries, is proportional to the unem-
ployment of the leader country only. In contrast, in the MU inﬂation is proportional
to MU-wide unemployment. If the leader country is relatively small, there are strong
gains in unemployment in the leader country and strong losses in unemployment in the
follower country. Since inﬂation is linked only to the leader’s unemployment, inﬂation
is reduced along with unemployment of the leader after uniﬁcation. But in the case
of a larger leader country, gains in economic performance are less substantial. Fig-
ure (4.2) shows the inﬂation rate under the pegging regime (solid line) and the MU
regime (dashed line) as functions of country size for the parameter values: α =2 /3,
I1 = IMU =1 0 , η =2 , n1 =2 , n2 =2 , β =0 .5, ρ =0 .05, A =5 .
4.4 From Float to Peg
An important question for policymakers is whether it is better to implement a ﬁxed
or a ﬂoating exchange rate regime. The consequence of replacing a ﬂoating exchange
rate with a peg is that the pegging CB loses the ability to pursue domestic monetary
policy objectives of low inﬂation and low unemployment. As the following proposition
shows, this is costly for the economy if CB conservativeness is relatively high.
Proposition 4.3 Replacing the ﬂoating exchange rate with a peg creates the following
impact on economic performance:
(i) in the follower country unemployment decreases if conservativeness is suﬃciently
low for n2 ≥ 2;
(ii) in the leader country unemployment increases;
(iii) inﬂation increases in both countries for δ =1 .86 CHAPTER 4. THE MERITS OF PEGGING
Proof. See Appendix 4.A.3.
In country 2 there are two eﬀects in opposite direction. One is the eﬀect of a ﬂat-
ter Phillips curve under peg due to ﬁxing the exchange rate, which reduces the fears
of unemployment. The other eﬀect is the following. By pegging instead of ﬂoating,
the domestic CB copies the monetary policy of the foreign CB. Thus, the domestic
CB becomes less accommodative, as its objective function changes and its aversion
to domestic unemployment vanishes. Fears of unemployment rise, wage deterrence
strengthens and the unemployment rate falls in the follower country. This eﬀect is
weaker the higher is conservativeness. If conservativeness is suﬃciently high, the CB
contracts against which increase both as a ﬂoater and as a follower, so that pegging
does not create a substantial rise in unemployment fears. Hence, if conservativeness is
suﬃciently high the Phillips curve eﬀect dominates and pegging generates higher un-
employment, otherwise it generates lower unemployment. Also, if there is a monopoly
LU, the Phillips curve eﬀect dominates and economic performance is worse under
pegging.
In country 1 unemployment rises due to country 2’s peg. Under the ﬂoat CB2 is
not averse to unemployment in country 1. However, under the peg CB2 follows CB1
and reacts as an averse CB to unemployment in country 1. Hence, in country 1 unem-
ployment fears diminish, wage demands rise and that creates higher unemployment.
Inﬂation rates increase in both countries. The individual inﬂation rates are replaced
by the common inﬂation rate determined by the leader CB. In the leader country the
rise in inﬂation is due both to higher wage demands and a ﬂatter Phillips curve. Due
to a ﬂatter Phillips curve the CB changes the optimal balance between inﬂation and
unemployment, in favor of unemployment and at the expense of a higher inﬂation rate.
In country 2 inﬂation adjusts upward to the level of the common inﬂation rate set by
the leader CB.
4.5 Extension under Asymmetric Anticipations
Under asymmetric anticipations LUs know only the domestic CB’s reaction function,
but LUs do not know the reaction function of the foreign CB. However, under the peg,
t h ef o l l o w e rC B ’ sr e a c t i o n sa r ec a l c u l a t e ds i m p l yf r o mt h em a r k e t sb yL U si nt h el e a d e r
country, i.e. from equation (2.23), given a ﬁxed exchange rate that is credible. LUs in
the follower country know the reaction function of the follower CB and calculate the4.6. CONCLUSIONS AND FURTHER RESEARCH 87
leader CB’s reactions through markets. Thus, the regime of pegging is the same under
full and asymmetric anticipations assumptions.
Proposition 4.4 Under asymmetric anticipations replacing the ﬂoat with a peg cre-
ates
(i) lower unemployment in the follower country;
(ii) lower unemployment in the leader country if conservativeness is suﬃciently high;
(iii) inﬂation increases in both countries for δ =1 .
Proof. See Appendix 4.A.4.
In country 2 labor unions with asymmetric anticipations ignore the deterrence of
the foreign CB under ﬂoating. However, under pegging the LUs realize the deterrence
of both the foreign leader CB and the domestic follower CB. Hence, wage demands
moderate and unemployment falls in the follower country.
In country 1 labor unions with asymmetric anticipations realize that by pegging
their ignorance is replaced with the anticipated foreign monetary policy. The foreign
CB copies their own monetary policy and creates incentives or deterrence depending
on its conservativeness. If conservativeness is suﬃciently high, there is deterrence from
t h el e a d e ra n dt h ef o l l o w e rC B s .I nt h i sc a s eL U sp e r c e i v et h ea d d i t i o n a ld e t e r r e n c e
from abroad which they ignored under ﬂoating. Otherwise, if conservativeness is not
suﬃciently high, LUs perceive additional incentives from the leader and the follower
CBs to raise wage demands.
Inﬂation rises in both countries due to the peg. The reason is that even a stronger
deterrence in both countries under the peg is not suﬃcient to compensate for the
eﬀect of the ﬂatter slope of the Phillips curve. The balance between unemployment
and inﬂation changes to a degree that inﬂation rises, despite falling unemployment.
4.6 Conclusions and Further Research
The chapter highlights the importance of modeling explicitly the exchange rate peg in
order to perform the analysis of monetary regime change. Strikingly, our result is the
opposite of what existing studies have found.7 Already in their closed economy model,
Cukierman and Lippi (2001) note that their analysis would require an explicit model
for the peg. However, an appropriate framework, an open economy model on strategic
7Independently from our study, Chprits (2002) builds on CCD (2004) and ﬁnds similar results.88 CHAPTER 4. THE MERITS OF PEGGING
interactions between CBs and LUs has been a more recent addition to the literature.
Hence, we build on the open economy framework developed by CCD (2004).
As it turns out, pegging creates a monetary policy that is ‘more than ultra-
conservative’. The follower CB eﬀectively borrows the objective of the leader CB.
Thus, it has no concern for domestic unemployment, but only for the domestic in-
ﬂation rate, which in itself represents an ultra-conservative policy stance. However,
the follower CB is indirectly also averse to unemployment in the other country. A
nominal wage rise raises domestic unemployment, but diminishes foreign unemploy-
ment, through international product substitution.8 Therefore, the follower CB reacts
with more contraction to the domestic wage rise than a strict inﬂation targeter CB
would react, which is a more than ultra conservative policy stance. Although higher
conservativeness improves economic performance, this eﬀect does not necessarily make
pegging a better regime for the follower’s economy than ﬂoating. This is due to the
ﬂatter Phillips curve when a currency is ﬁxed, which creates a more accommodative
monetary policy. Still, the eﬀect of extra conservativeness does render pegging a better
regime for the follower’s economy than the MU, because both are ﬁxed exchange rate
regimes and the Phillips curves are the same.
The leader country is aﬀected diﬀerently. By borrowing the leader CB’s objective,
the follower CB accommodates the leader country’s wage demands more than an in-
dependent ﬂoater CB. Combined with the eﬀect of a ﬂatter Phillips curve, ﬂoating is
better for the leader country than bearing the foreign peg. For a related reason, the
MU is also better than bearing the peg. That is, the common CB targets MU-wide
unemployment and accommodates less the leader country’s wage demands than both
t h el e a d e rC Ba n dt h ef o l l o w e rC B .
The common inﬂation rate is balanced by the leader CB against its domestic un-
employment rate under the peg. However, inﬂation is balanced by the common CB
against MU-wide unemployment. Hence, if the beneﬁts to the leader country’s em-
ployment are suﬃciently large, then the countries beneﬁti nt e r m so fi n ﬂation as well.
The comparison between the regime of ﬂoating and MU in Chapter 3 ignored
the beneﬁts from reducing the exchange rate risk in our deterministic framework.
However, the regime change from a credible peg to a MU entails much smaller (ideally
zero) beneﬁts of reducing exchange rate risk. Therefore, the latter analysis is more
revealing.
The comparison of the ﬂoating and pegging regimes is extended to the case of
8This assumes that the substitution eﬀect dominates the real interest rate eﬀect, which is in fact
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reactions but not the foreign CB reactions. We ﬁnd that the follower country beneﬁts
in terms of unemployment. The leader beneﬁts as well, if conservativeness is suﬃciently
high. Nevertheless, inﬂation still increases in both countries. The explanation is that
if LUs have asymmetric anticipations, they do not perceive the wage deterrence of
the foreign CB under the ﬂoating regime and thus the shift to pegging reduces wage
demands. An opposite eﬀect is the ﬂatter Phillips curve, which raises inﬂation relative
to unemployment.
The following reﬂection is left for further research. We have found that bearing
a peg instead of ﬂoat reduces economic performance in the leader. The adverse im-
pact can be oﬀset by the leader country if it designs a more conservative monetary
institution as a leader than as a free ﬂoater. This may explain the observed relatively
high degree of conservativeness of a leader CB, such as the Bundesbank, which has
incentives to be even more conservative if another country pegs as a follower. Such an
analysis could be carried out in a model where LUs are also inﬂation averse and thus,
there is a ﬁnite optimal degree of conservativeness, as in CCD (2006). Since replacing
a ﬂoat with a foreign peg increases the monetary accommodation of the leader’s wage
demands, our conjecture is that the leader CB’s optimal degree of conservativeness
shifts higher.
Based on the framework of the thesis, we propose two research projects, the ﬁrst
on strategic pegging as opposed to arbitrary pegging and the second on choosing the
optimal conversion rate for joining the monetary union.
Strategically Pegging the Exchange Rate. Chapter 4 of the thesis presents a
model of a pegged exchange rate regime. However, the model is unable to explain how
the pegging country would choose the level of the peg, which is of key importance to
policy making. A poor choice of the ﬁxed exchange rate could leave a country with un-
wanted inﬂation or with economic stagnation for a transition period, which, according
to Bernanke (2005), could easily last several years. When the United Kingdom re-
turned to the gold standard after World War I and when the United Kingdom entered
the ERM in 1990, the pound was pegged at an ov e r v a l u e dr a t e ,w h i c hd i s a d v a n t a g e d
exports, signiﬁcantly worsened the country’s unemployment problem and contributed
to recession.
The proposed contribution is to develop a model that can explain the strategic
choice of the level of an exchange rate peg. The technical problem is the following.
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function of labor unions, which the model inherits from the CCD (2004) framework.
T h ec o s to ft h i ss i m p l i ﬁcation is that key macroeconomic variables, such as output,
unemployment and inﬂation do not depend on the level of the pegged exchange rate. In
modeling a monetary union, CCD (2004) have a practical reason to use a linear term
in the labor unions’ objective function, because the exchange rate in the monetary
union is unity. However, the level of the peg should be allowed to aﬀect output. This
can be achieved by assuming a diﬀerent type of preferences for the labor unions.
The proposed model is a sequential game with ﬁve stages. The four stages of the
model of Chapter 4 would be supplemented with one additional stage, in which the
follower CB sets the exchange rate peg at the level that minimizes its quadratic loss
function of unemployment and inﬂation.
T h eC o n v e r s i o nR a t et ot h eE u r o .Developing the above idea further leads to
a second research project. In 1999 the EMU was created by converting the national
currencies into the euro. The agreed central rate in the ERM II was usually set as
a later conversion rate to the euro. However, questions were raised by policymakers
about what is a good exchange rate for acceding to the EMU. According to the Dutch
National Bank the guilder was undervalued9 and according to research at the Deutsche
Bank Portugal converted to the euro at an overvalued rate.10 By contrast, Ireland and
Greece revalued their currencies shortly before participation in the EMU. We propose
a model of a monetary union that formalizes the problem of choosing the appropriate
rate of conversion from the national currency to the euro. The results of the model
may be particularly helpful for policymakers in setting the conversion rates for future
EMU participants.
The proposed model is a sequential game with four stages. The three stages of the
CCD (2004) model are preceded by a stage in which the national authorities agree on
the conversion rates of the national currencies. The national money demand in euro
depends on the conversion rates that were set at the initial stage. Hence, the interest
rate of the monetary union is determined as a function of the conversion rates.
It follows that the deterrence of the labor unions’ wage demands by the common
CB depends on the initial conversion rate, and that impacts on economic performance.
It is also apparent that the exchange rate that is optimal for a country to peg to the
euro, may not be optimal anymore for that country as a conversion rate at the time of
accession. The reason is that two diﬀerent games are played among the players before
and after accession, and therefore, the re- or devaluation of the exchange rate may be
9de Volkskrant, "Gulden ‘te goedkoop’ weggegeven", 27 January 2006.
10See Schroder (2003).4.A. APPENDIX 91
necessary to join the EMU at an optimal conversion rate.
4.A Appendix
4.A.1 Proof of Proposition 4.1







4.A.2 Proof of Proposition 4.2








4.A.3 Proof of Proposition 4.3





















(iii) From (2.47) and (4.8), πPeg− πFloat
1 Â 0 and πPeg− πFloat
2 Â 0 for δ =1 .
4.A.4 Proof of Proposition 4.4





















(iii) From (3.22) and (4.8), πPeg− πAA
1 Â 0 and πPeg− πAA
2 Â 0 for δ =1 .92 CHAPTER 4. THE MERITS OF PEGGINGChapter 5
Monetary Union Among Pegging
and Floating Countries
5.1 Introduction
The economic consequences of forming a MU depend on the type of exchange rate
regime replaced by the MU. The previous chapters show that replacing a ﬂoating
regime worsens economic activity and on the contrary, replacing a pegging regime
improves economic activity in the leader country.1 The existing literature considers
t h er e p l a c e m e n to fo n l yo n ee x c h a n g er a t er e g i m ei ni s o l a t i o n ,e i t h e rf r o mﬂoating
to MU or from peg to MU and as such, it produces two opposing views.2 However,
in reality the EMU replaces several exchange rate regimes. Currently, there are EU
members with both ﬂoating and pegging regimes aiming at future membership in the
EMU. In an environment with both ﬂoating and pegging exchange rate arrangements,
there is an ambiguity regarding the impact of the MU. Therefore, the present chapter
proposes a model that reaches closer to the reality of the EMU by considering the MU
among countries that had both pegging and ﬂoating exchange rate arrangements. In
this way, the model nests the two opposing views together and reveals the combined
n e ti m p a c to ft h eM U .
Preceding the EMU, under the Maastricht treaty there were several exchange rate
regimes in place within the EU, including ﬂoating and pegging. The participating
countries can be classiﬁed in three groups. In the ﬁrst group Italy, France, Spain were
1This result is obtained in the open economy models of Chapters 2 and 3 of this thesis.
2The closed economy literature also ﬁnds a dichotomy between the impact of replacing ﬂoating
and pegging regimes with a MU, see Cukierman and Lippi (2001), Gruner and Hefeker (1999), Soskice
and Iversen (1998). For open economy models see Vartiainen (2002) and Jensen (1997).
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ﬂoating their currencies against the German mark. In the second group Austria, Bel-
gium, the Netherlands, Luxemburg were pegging their currencies against the German
mark. The third type of country is Germany, leading an independent monetary policy,
ﬂoating against the ﬁrst group and bearing a peg against the second group. At present,
there are also three blocks of countries aiming at membership in an enlarged EMU. In
the ﬁrst group Hungary, Poland, Romania, Slovakia ﬂoat their currencies against the
euro. In the second group Bulgaria, Cyprus, Denmark, Estonia, Latvia, Lithuania,
Slovenia peg against the euro. The third group of countries consists of the current
members of the EMU.
To approximate the variety of exchange rate arrangements, we consider a three
country model representing the three blocks of countries that peg and ﬂoat. The three
countries replace their monetary regimes with a MU. The model of national monetary
regimes combines the building elements of Chapter 2 and Chapter 4. The model of
the MU is a three country generalization of the two country model of Chapter 3.
In coexisting regimes of peg and ﬂoat, we ﬁnd a surprising behavior of the ﬂoater
CB, which stands in contrast with the behavior in a standalone ﬂoating arrangement.
Instead of reacting independently by tightening against the leader’s wage increase to
fend oﬀ imported inﬂation, the ﬂoater CB follows the reactions of the leader CB, unlike
af r e eﬂoater and much like the pegging CB. This is due to the threat perceived by the
ﬂoater CB of adverse appreciation of its exchange rate against two foreign currencies
if it tightens while the leader CB expands the money supply.
After the three countries form a MU, there is no more backing of the leader CB’s
policy from the follower CB and the ﬂo a t e rC B .B e f o r et h eM Ub o t hC B sf o l l o w e d
the leader CB’s domestic reactions. Hence, if CB conservativeness is suﬃciently high,
the leader loses the wage deterrence from its neighbors and thus, its unemployment
rises. Otherwise, the leader loses the incentives for aggressive wage demands from
its neighbors and thus, its unemployment falls. In the pegging and ﬂoating countries
there is no ambiguity regarding the MU’s impact, that is unemployment rises.
The structure of the chapter is as follows. Section 2 introduces the structure of the
model. Section 3 is an analysis of strategic interactions transmitted through ﬂoating
and pegging exchange rates. Section 4 is the three country model of the MU. Section
5 studies the direct impact of the MU among pegging and ﬂoating countries. Section
6 presents concluding remarks.5.2. THE THREE COUNTRY MODEL 95
5.2 The Three Country Model
Consider a three country generalization of the two country model of Chapter 2. The
sequential game consists of four stages:
1. labor unions set nominal wages simultaneously;
2. the CBs of country 1 (leader) and 2 (ﬂoater) set their money supplies simulta-
neously;
3. the CB of country 3 (follower) sets the money supply so as to maintain a credible
peg to the leader’s currency;
4. ﬁrms set prices.
In line with the speciﬁcations in CCD (2004), we assume that ρ/β =1(the ratio
between the interest semi-elasticity of goods demand and the interest elasticity of
money demand) and the income elasticity of money demand is δ =0 .T h e n η>
ρ/β and thus, the substitution eﬀect dominates the liquidity and real balance eﬀect.
Inﬂation in equation (2.33) is generalized as
pc = κpc + mc − α(¯ m − ¯ w), (5.1)
where κpc =( α + η − αη)θ +( πe
c − kc) − α
¡
¯ πe − ¯ k
¢
.Av a r i a b l e¯ x with an upper bar
denotes the average of x across all countries weighted with country size, ¯ x =
P3
c=1 scxc.
Unemployment in equation (2.30) is generalized as
uc = κuc − (1 + φ)(mc − wc)+φ(¯ m − ¯ w), (5.2)
where κuc ≡ l0 +
(α+η−αη)θ
α − (1 + φ)(πe
c − kc)+φ
¡




α+η−αη > 0 is
a constant. These functions are the inﬂation and unemployment rates that the CBs
anticipate.
5.3 Strategic Interactions Between Peg and Float
5.3.1 Central Banks
In the third stage of the game the follower CB chooses the money supply that maintains
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function of the follower,
m3 = m1 − e31 − k1 + k3, (5.3)
where e31 = p3 − p1 represents the exchange rate between the currency of country 3
and 1; πe
1 = πe
3 due to PPP. Let us assume that the nominal exchange rate is ﬁxed
at parity for simplicity and without loss of generality, e31 =0 .T h i s s h o w s t h a t t h e
follower adjusts the money supply proportionally to the leader. The leader CB and
ﬂoating CB anticipate these moves of the follower CB. To reﬂect the CBs’ anticipations,
we substitute (5.3) into (5.1) and (5.2). The problem of the leader and ﬂoating CBs
is to minimize the objective function minmc u2
c + Icπ2
c by setting the money supply.
Ignoring constant terms, the leader CB’s ﬁrst order condition is
−[1 + φ(1 − s1 − s3)]u1 + I1 [1 − α(s1 + s3)]π1 =0 . (5.4)
Expanding and rearranging terms yields the reaction function of the leader CB,
m1 =
[1 + φ(1 − s1 − s3)]φ +[ 1− α(s1 + s3)]I1α
[1 + φ(1 − s1 − s3)]
2 +[ 1− α(s1 + s3)]
2 I1
(s2m2 − ¯ w) (5.5)
+
[1 + φ(1 − s1 − s3)](1 + φ)
[1 + φ(1 − s1 − s3)]
2 +[ 1− α(s1 + s3)]
2 I1
w1.
This expression shows that the leader CB takes charge of the monetary policy in
country 1 and 3, but it only accommodates wage demands in country 1 if relatively
populist. The leader CB’s direct reaction to wage demands in other countries is to
contract. Note that the reactions of the leader CB are based on the cumulated country
size s1 + s3.T h eﬂoating CB’s reaction function is similarly obtained,
m2 =
[1 + φ(1 − s2)]φ +[ 1− αs2]I2α
[1 + φ(1 − s2)]
2 +[ 1− αs2]
2 I2
[(s1 + s3)m1 − ¯ w] (5.6)
+
[1 + φ(1 − s2)](1 + φ)
[1 + φ(1 − s2)]
2 +[ 1− αs2]
2 I2
w2.
The leader and the ﬂoating CBs’ reaction functions together determine the total reac-
tion by each CB to wages,
mc = µc0 + µc1w1 + µc2w2 + µc3w3, (5.7)
for c =1 ,2,3,w h e r eµc1 is country 1’s wage elasticity of country c’s money supply. The
money supply in (5.7) is obtained as a solution to the system of equations consisting5.3. STRATEGIC INTERACTIONS BETWEEN PEG AND FLOAT 97
of (5.5) and (5.6). Labor unions anticipate the reactions of the CBs and we use these
wage elasticities of the money supply to solve the LUs’ problem.
The monetary policy of the ﬂoating CB diﬀers in the three country case from the
two country model of ﬂoating. The following proposition presents the result:
Proposition 5.1 The foreign wage elasticities of the money supplies are negative, i.e.
µ12 ≺ 0, µ13 ≺ 0, µ23 ≺ 0, µ32 ≺ 0, with the exception of µ21 and µ31,w h i c hc a nh a v e
either sign.
Proof. See Appendix 5.A.1.
Put diﬀerently, the proposition states that monetary policies contract against for-
eign wage increases, except for the wage increase in the leader country. The monetary
policies of the ﬂoater and follower may actually accommodate wages in the leader
c o u n t r y . I nt h ec a s eo ft h eﬂoating CB this represents a major diﬀerence from the
monetary policy in a two country model of ﬂoating, where the ﬂoating CB contracts
the money supply against a foreign wage increase in the case when the substitution
eﬀect dominates the liquidity and real balance eﬀect. Note that the parametrization
of the present model allows only for this case.
The reason for the possibility to accommodate the leader’s wage increase by the
ﬂoater is the ‘strength’ of the leader’s monetary policy, due to the support given to
the leader from the follower. The direct reaction of the ﬂoating CB to the leader’s
wage rise is to contract the money supply, i.e. from (5.6) ∂m2/∂w1 < 0.H o w e v e r ,t h e
leader CB accommodates its domestic wage rise if relatively populist. These reactions
of the two monetary policies lead to the appreciation of the ﬂoating country’s currency.
The strong currency hurts the ﬂoating country’s output and reduces inﬂation. Thus,
the ﬂoating CB reacts by expanding the money supply. The additional problem for
the ﬂoating CB is the accommodation of the follower CB and the depreciation of the
exchange rate against the follower. The ﬂoater realizes an export loss with the follower
as well as with the leader. Therefore, the ﬂoating CB requires an extra monetary
expansion to balance both of its exchange rates, as two foreign CBs are ‘buying’ its
currency. The additional monetary expansion results in an overall accommodation
of the leader’s wage rise. This happens if the leader is relatively populist and if the
follower’s size is not too small, so that the follower CB is accommodative and has
suﬃcient weight. Thus, in this case the ﬂoating CB reduces the unemployment fears
o ft h el e a d e r ’ sL U s .
The elasticity µ31 may have either sign, because the follower’s reactions are the same
as the leader, that is µ31 = µ11. A relatively populist leader CB’s accommodation to98 CHAPTER 5. MONETARY UNION OVER PEG AND FLOAT
domestic wages is copied by the follower. The rest of the foreign wage elasticities are
negative, because the CBs contract against foreign wages to stop the rise of imported
inﬂation and the fall in unemployment.
5.3.2 Labor Unions
The problem of the LUs has a natural extension from the two country case to the three
country case. Each LU minimizes minwic [−2(wic − pc)+Au2
ic] by setting the nominal
wage. The ﬁrst order condition implies that the equilibrium unemployment rate is the
ratio of the elasticity of the real wage and the elasticity of the unemployment rate,
uc =
d(wic−pc)/dwic
A(duic/dwic) , where symmetry across LUs is assumed. Thus, the equilibrium
unemployment rate in country c is
uc =
α − αη + η
A
nc − µcc + α(¯ µc − sc)
η(nc − µcc)+( η − 1)α(¯ µc − sc)
, (5.8)




= s1µ1c + s2µ2c + s3µ3c.
The inﬂation rate is set by the CBs proportionally to the unemployment rate. Using
(5.4) the leader’s inﬂation rate is
π1 =
1+φ(1 − s1 − s3)
I1 [1 − α(s1 + s3)]
u1, (5.9)
where u1 is given in (5.8). In the ﬂoating country the inﬂation rate is
π2 =
1+φ(1 − s2)
I2 [1 − αs2]
u2. (5.10)
In the follower country the inﬂation rate equals the leader’s inﬂation rate due to the
ﬁxed exchange rate and PPP, i.e. π3 = π1.
5.4 A Three Country Model of a MU
In the following we extend our two country model of a MU to a more general three
country setting. In the MU there is nominal parity between all currencies, i.e. e12 =0
and e32 =0in equation (2.23). These two equations provide the connection between5.4. A THREE COUNTRY MODEL OF A MU 99
the three countries’ money demands,
m1 = k1 − k2 + m2,




3. Total money demand in the MU is
M = s1M1 + s2M2 + s3M3,
or rewriting it in logs,
exp(m)=s1 exp(k1 − k2 + m2)+s2 exp(m2)+s3 exp(k3 − k2 + m2).
Rearranging yields
m2 = m − log[s1 exp(k1 − k2)+s2 + s3 exp(k3 − k2)],
Assuming for simplicity that k1 = k2 = k3 yields
mc = m for c =1 ,2,3. (5.11)
Substituting this result into (5.1) yields the general price level in the MU,
p = κp +( 1− α)m + α¯ w, (5.12)
where κp ≡ (α + η − αη)θ+(1− α)π. Substituting (5.11) into (5.2) yields the unem-
ployment rate in the MU,
uc = κuc +( 1+φ)wc − φ¯ w − m, (5.13)
where κuc ≡ l0 +
(α+η−αη)θ
α − π and φ ≡
α(η−1)
α+η−αη > 0 is a constant. The aggregate
unemployment rate of the MU is obtained as u = Σ3
c=1scuc,t h a ti s
u = κuc +¯ w − m.
T h ec o m m o nC Ba n t i c i p a t e st h ei n ﬂation and unemployment rates and uses these
functions to solve its optimization problem, minmu2 + Iπ2,w i t hi n ﬂation and unem-
ployment given in (5.12) and (5.13). Taking the derivative with respect to money100 CHAPTER 5. MONETARY UNION OVER PEG AND FLOAT
balances yields the ﬁrst order condition
−u + I (1 − α)π =0 . (5.14)
The reaction function of the common CB is
m =
1 − I (1 − α)α
1+I (1 − α)
2 ¯ w,
w h e r ec o n s t a n t sa r ei g n o r e d ,s i n c et h e yd on o tp l a yar o l ei nt h em o d e l .T h i si st h e
same reaction function as in the two country case. Since ¯ w = Σ3
c=1scwc, the result
shows that the reaction of the CB to a wage increase is proportional to the country’s
weight in the MU.
LUs solve the same problem as in the national monetary policy case. If under
national monetary regimes all CBs follow an identical monetary policy, then that
amounts to a MU. That is, the monetary reactions of all CBs to a wage rise in one
of the countries are the same. Thus, substituting µc = µcc =¯ µc into equation (5.8)




α − αη + η
A
nc − (1 − α)µc − αsc












where uMU = Σ3
c=1scuMU
c .
5.5 Comparing the MU with Coexisting Regimes
of Peg and Float
This section investigates the eﬀects of replacing the two monetary regimes that coexist
in the three countries with a single regime, the MU. To isolate the eﬀects of the MU,
the parameters are kept unchanged and I = I1 = I2. The main results are in the
following proposition.
3The equilibrium unemployment rate is derived in Appendix 5.A.2.5.5. THE IMPACT OF THE MONETARY UNION 101
Proposition 5.2 Replacing the monetary regimes of ﬂoating and pegging among three
countries with a monetary union yields:
(i) in the leader country unemployment falls if CB conservativeness is suﬃciently low
and if the follower country is suﬃciently large;
(ii) in the ﬂoating and follower countries unemployment rises;
(iii) inﬂation rises in the ﬂoating country.
Proof. See Appendix 5.A.3.
In the MU the leader country experiences two eﬀects: on the one hand there are
weaker fears for LUs as the ﬂoating CB’s threats cease and on the other hand there are
stronger fears due to the shift of attention of the leader’s CB from local unemployment
to MU-wide unemployment concerns. If the follower country is small, the ﬁrst eﬀect
dominates, and the mutual unemployment threats of the two ﬂoating countries create
better performance than the MU. If the follower country is suﬃciently large, the second
eﬀect dominates and fears rise in the MU. Moreover, if conservativeness is relatively
low, the leader CB’s accommodation triggers the accommodation of the ﬂoating CB.
Although the ﬂoating CB’s initial reaction is a contraction to the leader’s wage increase,
its ﬁnal accommodation is due to the follower’s accommodation, which appreciates the
ﬂoater’s exchange rates against both countries and reduces exports. In this case both
the ﬂoating and the follower CBs reduce the fears of unemployment in the leader
country before the MU.
In the follower country the MU reduces unemployment fears, because all three
CBs’ counter-reactions to the follower’s wages cease. As foreign CBs, the leader and
the ﬂoating CBs counter-react wages in the third country. Also, the domestic CB
follows strictly the leader and counter-reacts. In the MU, however, there is more
accommodation from the common CB and that generates higher wage demands and
higher unemployment.
In the ﬂoater country the rate of unemployment and inﬂation increases. The reason
is that the fears generated by the leader and the follower cease and thus there is
less moderation of wage demands in the MU. A ﬂatter Phillips curve in the MU
has the eﬀect to increase wage demands in all three countries, because the common
CB prefers a lower unemployment rate relative to the inﬂation rate and that reduces
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5.6 Conclusions
This chapter describes the strategic interactions in the EU preceding the formation of
the EMU and the transformations that took place with the introduction of the euro.
This is done in a three country open economy model in which ﬂoating and pegging
exchange rate regimes coexist before the MU. The purpose is to nest together the
opposing views regarding the economic consequences of forming a MU from ﬂoating
and pegging countries.
I nt h i sc h a p t e ra n dt h en e x t ,w h e r ew ed e r i v et h et h r e ec o u n t r ym o d e l s ,w eo n l y
consider the case in which the substitution eﬀect dominates the liquidity and real
balance eﬀect, since that is the empirically relevant case. In this case, the national
money balances of the three countries are strategic complements, that is expansion
(contraction) in one country triggers monetary expansion (contraction) in the other
countries as a best response strategy.
The strategic interactions channeled through ﬂoating and pegging exchange rates
produce reactions by the ﬂoater CB that contrast with a standalone purely ﬂoating
regime. The ﬂoater CB may accommodate a populist leader country’s wage rise, which
does not happen in a purely ﬂoating regime in which the substitution eﬀe c ti ss t r o n g e r
than the liquidity and real balance eﬀect. Such a reaction happens when a populist
leader accommodates its own LUs and triggers the monetary expansion of the follower
CB. That appreciates the ﬂoating country’s currency against two foreign currencies.
To oﬀset the ensuing deﬂation and falling output, the ﬂoating CB also accommodates
t h el e a d e r ’ sL U s .
Hence, the ﬂoater CB may react to foreign economic developments similarly to
the pegging CB, which may seem uncharacteristic for free ﬂoating. One implication
is that it may be diﬃcult to identify a free ﬂoating regime empirically. The other
implication is that this result may explain the correlation of money supplies between
ﬂoating CBs even in the case of low CB conservativeness. In Chapter 7 where we look
at the correlation of money supplies in a stochastic model, we ﬁnd that money balances
are positively correlated only if the CBs are suﬃciently conservative. However, the
presence of a peg may positively correlate money supplies between ﬂoating CBs, even
i ft h eC B sa r en o tc o n s e r v a t i v e .
The direct impact of the MU is to reduce unemployment in the leader country if
CB conservativeness is low and the follower country is not very small. The reason
is that the accommodation of the ﬂoating and pegging CBs is replaced by the com-
mon CB policy, which accommodates less to local unemployment problems, heightens5.A. APPENDIX 103
unemployment fears for LUs and reduces their wage demands. In the ﬂoater and fol-
lower countries unemployment rises, due to weaker wage deterrence from abroad and
a ﬂatter Phillips curve. In the follower country there is also a more accommodative
common monetary policy, which at least partly has the objective to reduce the fol-
lower’s unemployment. The costs and beneﬁts of forming the MU are in between the
cases of standalone ﬂoating and pegging studied in Chapter 3 and Chapter 4.
5.A Appendix
5.A.1 Proof of Proposition 5.1
From (5.7) it follows that µ12 ≺ 0, µ13 ≺ 0, µ23 ≺ 0, µ32 ≺ 0. For certain parameter
values µ21 and µ31 can have either sign.
5.A.2 Derivation of Equilibrium Unemployment
From (5.1) the wage elasticity of the price level is
dpc
dwc
= µcc − α(¯ µc − sc).







[µcc − α(¯ µc − sc)].
T h eu n e m p l o y m e n tr a t eo fL Ui in country c is
uic = κuic +
η(wic − pc) − (mc − pc)
α + η − αη
,
where






α + η − αη
.
The wage semi-elasticity of the unemployment rate is Zuc =
duic
dwic,t h a ti s
Zuc =
1
α + η − αη
·
η +




The equilibrium unemployment rate in country c is uc = Zwc
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5.A.3 Proof of Proposition 5.2






























(ii) From (5.8) and (5.15) uMU
2 − u2 Â 0 and uMU
3 − u3 Â 0;
(iii) Using (5.10) and (5.16) yields πMU
2 − π2 Â 0.Chapter 6
The Neighbors of a Monetary
Union
6.1 Introduction
How does the creation of a MU aﬀect other economies outside of the monetary union?
Strategic interactions change not only within the MU but also between the MU and
the countries that remain outside the MU. The long term economic consequences of
t h ei m p a c to faf o r e i g nc o u n t r yo nt h ef o r m a t i o no faM Ua n dt h ei m p a c to ft h eM U
abroad are the topic of this chapter.
The impact of a MU on outside neighbor countries is less intuitive than the impact
on the member countries. There is a variety of points of view in approaching this
question in the literature. In an empirical study Jones and Kutan (2004) investigate
the impact of Euro-area monetary policy on Hungary. They ﬁnd that Hungary gains by
retaining monetary policy independence in the interim period before adopting the euro
in order to isolate itself from Euro-area monetary policy shocks. Green and Swagel
(1998) expect that overall the EMU can have a positive eﬀect on other countries,
because the single currency and the integrated market facilitates ﬁnancial and business
transactions. Feldstein (1997) mentions possible negative eﬀects of the EMU on a
country like Japan, due to larger euro-yen exchange rate movements that are necessary
to equilibrate shifts in the trade balance with EMU members. Coricelli (2002) observes
that the countries of Central and Eastern Europe experience a rise in interest rates,
which reduces output, if they peg to the euro through the ERM II mechanism or even
if they ﬂoat against the euro, due to the attempt of monetary policy to maintain a
relatively appreciated currency in the ERM II and due to higher interest rate premium
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under ﬂoating. That may make the move towards the early adoption of the euro
desirable.
The chapter investigates this question in two scenarios. The starting point is the
three country model of the previous chapter, in which one of the countries ﬂoats the
exchange rate and another country pegs the exchange rate against a leader country.
The ﬁrst scenario is that the two countries that ﬂoat the exchange rate form the MU
a n dt h ep e g g i n gc o u n t r yb e c o m e st h en e i g h b o ro ft h eM U .T h ee x c h a n g er a t ep e gt o
the leader’s currency is replaced by the peg to the MU’s currency. This model may
reﬂect the case of Denmark, for example. Denmark had its krone linked to the German
mark within the exchange rate mechanism (ERM) of the European Monetary System,
however, it remained outside the MU. The second scenario is the formation of the MU
between two countries that have the currency peg and the ﬂoating country remains
outside the MU to ﬂoat against the MU’s currency. This may reﬂe c tt h ec a s eo ft h e
United Kingdom, which ﬂoated and remained outside the EMU.
In the ﬁrst scenario, in which the ﬂoating countries create a MU and the pegging
country shifts pegging to the common currency, unemployment increases in the ﬂoater
and follower countries, but it decreases in the leader country for relatively low CB con-
servativeness. Unemployment increases in the leader as well in the case of a relatively
high level of CB conservativeness.
In the second scenario, in which the peg is replaced by the MU and the ﬂoating
country becomes an outsider, the unemployment rate in the leader country falls, in
the follower country increases and in the ﬂoating country it remains unaﬀected. The
presence of the outside ﬂoating country ampliﬁes the eﬀe c to ft h eM Uo nt h em e m b e r s
o ft h eM U ,b e c a u s et h eo u t s i d eﬂoating CB tries to maintain the favorable exchange
rate and reacts in the same direction as the MU’s monetary policy. That is, the leader
country faces a tighter monetary policy from the common CB and thus, from the
ﬂoating CB, which ampliﬁes the deterrence to the leader’s LUs. The follower country
faces a looser monetary policy from the common CB and as well from the ﬂoating CB,
which reduces even more the deterrence.
T h el e a d e rC Ba n dt h ec o m m o nC Br u l em o n e t a r yp o l i c yi nt h eM U - a r e ab e f o r e
and after the MU forms and thus, there is no change in the strategic interactions with
the outside ﬂoating countries LUs. As a consequence, the ﬂoating economy remains
unaﬀected by the MU.
The chapter has the following structure. Section 2 presents the scenario of a MU
with a pegging neighbor. Section 3 considers the scenario of a MU with a ﬂoating6 . 2 . AN E I G H B O RP E G G I N GT OAC O M M O NC U R R E N C Y 107
neighbor. Section 4 draws conclusions and the last section is an appendix with proofs.
6.2 A Neighbor Pegging to a Common Currency
6.2.1 The Follower Central Bank
After the MU forms the follower that becomes the neighbor of the MU, pegs to the
common currency. Equation (5.3) is replaced by a new equation representing the
follower CB’s reaction function under the new peg,
m3 = mMU − e3,MU + k3 − kMU, (6.1)
where for simplicity and without loss of generality we set e3,MU =0and k ≡ k3 = kMU.
There is a relationship between the two national money demands within the MU based
on equation (5.3),
m1 = m2 − e12 + k1 − k2, (6.2)
where e12 =0reﬂecting the common currency within the MU and for simplicity assume
that k1 = k2. Total money demand in the MU is the sum of national money demands,
MMU = s1M1 + s2M2,o ri nl o g s
exp(mMU)=s1 exp(m1)+s2 exp(m2). (6.3)
The two equations (6.2) and (6.3) are solved for the two national money demands,
m1 = m2 = mMU. (6.4)
This shows that country speciﬁcm o n e yd e m a n di nt h eM Ui sp r o p o r t i o n a lt ot o t a l
money balances in the MU. The common CB anticipates the reaction function of the
follower and uses it to anticipate the general price level and the unemployment rate.
Substituting (6.1) and (6.4) into (5.1) yields the CPI
p = κp +( 1− α)mMU + α¯ w,
where p = p3 = pMU and κp ≡ (α + η − αη)θ +( 1− α)(πe − k). Substituting (6.1)
and (6.4) into (5.2) provides the local unemployment rates u1 and u2 to calculate the108 CHAPTER 6. THE NEIGHBORS OF A MONETARY UNION
MU-wide unemployment rate, uMU = s1u1+s2u2
s1+s2 ,i . e .
uMU = κuMU − mMU +( 1+φ)wMU − φ¯ w,
where κuMU ≡ l0 +
(α+η−αη)θ
α − (πe − k), φ ≡
α(η−1)
α+η−αη > 0 and wMU =
s1w1+s2w2
s1+s2 .
6.2.2 The Common Central Bank
The common CB’s problem is minmMU [u2
MU + Iπ2
MU]. This yields the ﬁrst order con-
dition uMU =( 1− α)IπMU. Ignoring constant terms, the money supply of the MU










Regarding the elasticity of the money supply (deﬁned as µ11 ≡ dm1
dw1), the common
CB’s and the follower CB’s reactions in (6.1) imply that µ11 = µ21 = µ31.F r o m( 6 . 5 )
the elasticity of the money supply is obtained,
µ11 = µMU,1 =
η − α{η − 1+( 1− α)[α +( 1− α)η]I}






The problem of the LUs is as described for the national monetary regimes in the
previous chapter. Substituting the elasticities of the money supplies µ11 and ¯ µ1 = µ11















(s1 + s2) − s1 [η − α(1 − α)I (s1 + s2)]
.
(6.6)
Country 2’s unemployment rate is obtained similarly and it is symmetric to the expres-
sion of country 1’s unemployment rate. Substituting µ33 =¯ µ3 =
φ+α(1−α)I
1+(1−α)2I s3,w h i c h
was obtained from (6.5), into (5.8) yields the follower neighbor’s unemployment rate,
u3 =











+ α(1 − α)Is3
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6.2.4 The Impact of Regime Change
Proposition 6.1 Suppose that the leader and the ﬂoater countries form a monetary
union and the follower country pegs to the common currency.
(i) In the leader country unemployment decreases, if conservativeness is suﬃciently
low;
(ii) In the ﬂoater country and the follower country unemployment increases.
Proof. See Appendix 6.A.2.
The leader’s unemployment rate decreases if conservativeness is suﬃciently low for
two reasons, (i) due to the interaction with the follower and (ii) due to the interaction
with the ﬂoater. First, the follower replaces the peg to the leader’s currency with the
peg to the common currency. By copying the monetary policy of the MU, the follower
CB responds to average MU-wide unemployment and inﬂation as opposed to the leader
country’s unemployment and inﬂation. The weight of the leader’s unemployment is
smaller in the MU, therefore, in the populist case there is less accommodation from
the follower CB to the leader’s LUs. However, in the relatively conservative case,
there is less contraction against local inﬂation problems, as the leader’s inﬂation rate
is replaced by the average inﬂation rate of the leader and the ﬂoater. That strengthens
the deterrence against the leader’s LUs in the case of low conservativeness and weakens
the deterrence in the case of high conservativeness.
The second reason is that the ﬂoating CB vanishes. The ﬂoating CB’s incentives
in the case of low conservativeness and deterrence against the leader’s LU in the
case of high conservativeness, stop. The ﬂoating CB provides incentives through its
monetary expansion to oﬀset the adverse eﬀects of the exchange rates when both
the leader and the follower accommodate. The ﬂoating CB provides deterrence if the
leader’s conservativeness is high and thus the exchange rate competition is in the other
direction. Hence, the ﬂoating CB creates a similar eﬀect as the follower: deterrence
strengthens against the leader’s LUs in the case of low conservativeness and weakens
in the case of high conservativeness.
In the ﬂoating country unemployment increases. One of the reasons is that the
deterrence of the leader is replaced by the common CB’s more accommodative stance,
as the weight in the CB objective for the ﬂoater’s unemployment rate rises from zero.
The other reason is that the follower’s monetary policy undergoes changes that are
similar to the changes faced by the leader CB and the follower CB’s deterrence also
falls against the ﬂoater’s LUs.110 CHAPTER 6. THE NEIGHBORS OF A MONETARY UNION
I nt h ef o l l o w e rc o u n t r yt h er i s ei nu n e m p l o y m e n ti se x p l a i n e db yt h ee n do fe x c h a n g e
rate competition between the ﬂoating countries, which provided relatively strong de-
terrence. A monetary contraction by the leader CB in response to the follower’s wage
rise provokes monetary contraction by the ﬂoater to counter the adverse movement of
the exchange rate, which would generate imported inﬂation. Moreover, the ﬂoater has
to counter the eﬀect of the follower’s contraction as well by contracting, which leads
to exchange rate competition and strong deterrence prior to the MU. The MU leads
to the disappearance of ﬂoating exchange rate competitions and deterrence weakens
against the follower’s LUs.
6.3 A Neighbor Floating to a Common Currency
After the MU forms between countries 1 and 3, just as prior to the MU, the connection
between national money demands within the MU is m1 = m3, according to equation
(2.23). Total money demand in the MU is MMU = s1M1 + s3M3. Together the two
equations determine national money demand in the MU as being proportional to total
money balances in the MU,
m1 = m3 = mMU. (6.8)
Substituting (6.8) into (5.1) yields the general price level in the MU
p1 = p3 = κpMU +[ 1− α(s1 + s3)]mMU + αs2m2 + α¯ w, (6.9)
where κpMU ≡ (α + η − αη)θ +( πe
MU − kMU) − α
¡
¯ πe − ¯ k
¢
. Substituting (6.8) into
(5.2) yields the unemployment rate in the MU
uMU = −[1 + φ(1 − s1 − s3)]mMU + φs2m2 − (1 + φ)wMU − φ¯ w, (6.10)
where uMU ≡ s1u1+s3u3
s1+s3 and wMU ≡ s1w1+s3w3
s1+s3 . Using (6.9) and (6.10) the reaction
function of the common CB is
mMU =
[1 + φ(1 − s1 − s3)]φ +[ 1− α(s1 + s3)]IMUα
[1 + φ(1 − s1 − s3)]
2 +[ 1− α(s1 + s3)]
2 IMU
(s2m2 − ¯ w) (6.11)
+
[1 + φ(1 − s1 − s3)](1 + φ)
[1 + φ(1 − s1 − s3)]
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The general price level in country 2 is the same as in (5.1) and the unemployment rate
in country 2 is the same as in (5.2). Thus, the ﬂoating CB’s reaction function is the
same as before the MU forms, that is, as in (5.6). The common CB’s reaction function
(6.11) and the ﬂoating CB’s reaction function (5.6) form a system of equations that
yield as a solution the money supply of each CB as a function of wages. Substituting
the appropriate wage elasticities of the money supply into (5.8) yields the equilibrium
unemployment rate of each country. The equilibrium inﬂation rate of each country is
determined by the ﬁrst order condition of each CB.
Proposition 6.2 The MU between the leader and the follower creates the following
changes in monetary policies. (i) The monetary policy in the MU
1. is less accommodative to the leader’s wage demands;
2. is more accommodative to the follower’s wage demands;
3. has the same reactions to foreign monetary policy and to foreign wages.
(ii) The ﬂoater’s monetary policy reactions to foreign monetary policy and to domestic
LUs are unaﬀected. The ﬂoater’s monetary policy counters more and stops to accom-
modate the leader’s wages. However, the ﬂoating CB counters less the wage demands
of the follower’s LUs.
Proof. See Appendix 6.A.3.
The common CB has a less accommodative or more conservative stance against
the LUs’ wage demands in the leader country than its predecessor. The reason is
that the common CB puts less weight on local unemployment concerns of the leader
country than previously the leader CB. However, the inﬂation concerns of the CB do
not change. Before the MU the leader CB is concerned by the common inﬂation rate of
the leader and follower countries, just as in the MU. Thus, the local unemployment rate
receives less weight relative to the inﬂation rate in the common CB’s reactions. That
implies that the common CB is less accommodative and more conservative against
wage demands.
Before the MU the leader CB does not accommodate the followers wage demands.
However, in the MU the weight on the follower’s unemployment in the CB’s objective
rises from zero. The weight on the follower’s inﬂation rate remains unchanged. That
implies a more accommodative or a less conservative stance against the follower’s wage
demands in the MU.
The interactions between monetary policies do not change after the MU forms.
T h er e a s o ni st h a tt h el e a d e rC Bm o v e st he money supply of both leader and the112 CHAPTER 6. THE NEIGHBORS OF A MONETARY UNION
follower countries and, therefore, its monetary policy has the same impact abroad
as the common CB’s monetary policy. Thus, the CBs expect the same competition
between the two monetary policies both before and after the MU forms.
Also, the common CB’s reactions towards the LUs of the ﬂoating country are the
same as the leader CB’s reactions. Before the MU the leader CB internalizes that
its monetary policy reactions represent the monetary policy of an MU-wide area with
the backing of the follower CB. Thus, there is no change in the MU-area’s reactions
towards a third ﬂoater’s LUs.
The follower’s monetary policy reactions towards domestic LUs does not change.
This is due to the same direct reactions and the same competition between monetary
policies. However, there is a change in the ﬂoater’s monetary policy towards foreign
LUs. The reason is the change in the monetary policy within the MU, which aﬀects
the ﬂoater’s monetary policy through exchange rate competition. In the MU there
is less domestic accommodation for the leader’s LUs, which determines the ﬂoating
CB to stop accommodating at all in the case of low conservativeness and to counter
more in the case of relatively high conservativeness. This determination happens
via the exchange rate channel: less foreign accommodation requires less domestic
accommodation, otherwise the domestic currency depreciates and creates inﬂation.
In the MU there is more domestic accommodation to the follower’s LUs, which
determines the ﬂoating CB to counter less aggressively as well, via exchange rate com-
petition. More accommodation in the MU necessitates more accommodation outside
the MU, otherwise the exchange rate appreciates and creates unemployment.
Proposition 6.3 T h eM Ub e t w e e nt h el e a d e ra n dt h ef o l l o w e rl e a d st ol o w e ru n e m -
ployment in the leader, higher in the follower and it does not aﬀect the economy of the
ﬂoater outside the MU.
Proof. See Appendix 6.A.4.
In the MU the unemployment rate is lower in the leader country for two reasons.
First, there is less domestic accommodation in the MU to the leader’s LUs, as the
common CB’s objective shifts from local to MU-wide average unemployment. Second,
the accommodation from the ﬂoater stops after the MU forms, and there is more
contraction. Both domestic and foreign monetary policies create more deterrence
to the LUs in the leader country, which moderates wage demands and yields lower
unemployment.
In the follower country the unemployment rate is higher after the MU forms, due to
a more accommodative domestic monetary policy and weaker monetary contractions6.4. CONCLUSIONS 113
by the ﬂoater. Both policy changes reduce the deterrence for LUs’ wage demands and
create higher unemployment.
In the ﬂoater country there is no impact of the foreign MU on unemployment and
inﬂation. The reason is that neither the domestic nor the foreign monetary policy
reactions change towards its LUs, which leaves the same deterrence of wage demands
in the ﬂoater country.
Compared to the two country model of a MU without an outside ﬂoating partner,
there is a major diﬀerence. The presence of the outside ﬂoater ampliﬁes the eﬀects
of the MU on the member countries of the MU. The leader country experiences ad-
ditional deterrence from the ﬂoater and the follower country experiences a weakening
of deterrence due to the ﬂoater. The mechanism that achieves this is the exchange
rate competition between monetary policies, which ampliﬁes the domestic monetary
reactions.
6.4 Conclusions
This chapter investigates the economic consequences of a MU between two countries
out of three countries within our open economy framework developed in previous
chapters. First, we consider the a MU between two ﬂoating countries so that the third
pegging country becomes the neighbor of the MU. We ﬁnd that the leader country
beneﬁts from the MU in terms of increased output if CB conservativeness is relatively
low. This ﬁnding contrasts with the results of previous models, which consider the MU
between two ﬂoating countries in isolation, without a pegging neighbor. Cukierman
and Lippi (2001), Gruner and Hefeker (1999), Soskice and Iversen (1998) and Chapter
3 of this thesis ﬁnd that the MU creates a loss of output to the country that ﬂoated
before the MU. Here, by contrast, abandoning the ﬂoat in favor of a common currency
creates a loss to the ﬂoater country, but not necessarily to the leader country. The
existence of a neighbor country that pegs reduces the costs of the MU and may render
the MU beneﬁcial for the leader country. The MU turns out to impact negatively on
the economic performance of its pegging neighbor and hence, the neighbor may ﬁnd
the MU more desirable.
Second, the chapter considers the case of replacing an existing peg with a common
currency, linked through a ﬂoating exchange rate to an outside partner country. The
impact of uniﬁcation on the members of the MU are in line with our previous ﬁndings
in Chapter 4. Strikingly, the model shows that the ﬂoating neighbor country is not114 CHAPTER 6. THE NEIGHBORS OF A MONETARY UNION
aﬀected by the creation of the MU. This may explain the choice of Poland to ﬂoat
its currency against the euro rather than to peg soon after the creation of the EMU.
However, Coricelli (2002) notes that the shift by Poland to higher exchange rate ﬂexi-
bility has not insulated its domestic monetary policy from Euro-area monetary policy
movements. Our model explains this with the strategic complementarity between na-
tional money supplies and with the comovement of monetary policies of conservative
CBs, as the next chapter explains.
6.A Appendix
6.A.1 The Wage Elasticity of the Money Supply


















































where the partial derivatives are obtained from the reaction functions of the leader


















































The follower CB’s elasticity is the same as the leader’s, µ31 = µ11.6.A. APPENDIX 115
6.A.2 Proof of Proposition 6.1










η(n1 − 1)[n1 (s1 + s2) − s1]
≺ 0.
(ii) Using (5.8) and transposing indices 1 and 2 in (6.6) yields uMU
2 − u2 Â 0.F r o m
( 5 . 8 )a n d( 6 . 7 )i tf o l l o w st h a tuMU
3 − u3 Â 0.
6.A.3 Proof of Proposition 6.2






















before and after the MU. The only term that changes after the MU forms is ∂m1
∂w1, which















































is the same in the MU. Direct reactions to the ﬂoater’s monetary policy, as reﬂected
by the ∂m1
∂m2, are unchanged.
(ii) Direct reactions to foreign monetary policy, as reﬂected by the elasticity ∂m2
∂m1, are
unchanged. The elasticity µ22 is unchanged. The elasticity µ21 ≺ 0; µ21 is lower after
the MU forms, because the term ∂m1













































is higher after the MU forms, because ∂m1
∂w3 rises and the other terms are unchanged.
6.A.4 Proof of Proposition 6.3
Substituting the appropriate elasticities µcc and ¯ µc obtained in Appendix 6.A.3 into
equation (5.8) shows that the following inequalities hold, uMU
1 ≺ u1, uMU
2 = u2,
uMU




Backus, Kehoe and Kydland (1993) observed that real business cycle (RBC) mod-
els cannot explain international output correlations that exist in the data, and they
called this problem the output anomaly. Independent productivity shocks generate
negatively correlated output across countries, by aﬀecting relative labor costs and the
competitiveness of home and foreign goods. The positive output correlation in RBC
models is only due to the assumed correlation of productivity shocks. Consequently,
the output correlations that the RBC models generate are smaller than the correlation
of the productivity shocks. By contrast, the data shows that output is more highly
correlated than the productivity shocks. We show here that optimal monetary reac-
tions generate positive output correlations even with uncorrelated productivity shocks,
and that provides a simple mechanism to resolve the output anomaly.1
In contrast with productivity shocks, demand shocks generate the opposite cross-
country eﬀects. A well-known result of the Mundell-Fleming model is that a ﬁscal
stimulus creates a locomotive eﬀect abroad, as both home and foreign output in-
creases.2 Our model conﬁrms this result if monetary policy is exogenous. However,
we ﬁnd that endogenous monetary policy turns the character of ﬁscal policy from
1In a monetary union the common monetary policy generates positive cross-country output cor-
relations by reacting to independent productivity shocks, only if the CB is suﬃciently conservative,
see CCD (2004).
2See Heijdra and van der Ploeg (2002), p. 286.
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locomotive into beggar-thy-neighbor as foreign output falls.3 For the policymaker,
the beggar-thy-neighbor eﬀect of ﬁscal policy may provide a motivation to implement
international agreements that limit the extent of ﬁscal expansions.
Hence, we see that optimal monetary policy reactions reverse the impact of shocks
across countries. Although the two CBs independently follow domestic objectives in a
ﬂexible exchange rate arrangement, it emerges that the two optimal monetary policies
are in fact not independent. Thus, the model provides a mechanism that supports the
empirical evidence from Cukierman, Rodriguez and Webb (1997) regarding the cross-
country correlation of money supplies, and from Obstfeld, Shambaugh and Taylor
(2005), Frankel, Schmukler and Serven (2002) and Hausmann, Gavin, Pages and Stein
(1999) regarding the comovement of monetary policies even under a ﬂexible exchange
rate regime.
The chapter has the following structure. Section 2 introduces the stochastic version
of the model of chapter 2. Section 3 investigates the optimal monetary policy reactions
to shocks. Section 4 investigates the impact of shocks on output. Section 5 presents
concluding remarks.
7.2 The Extended Model
This section extends the framework to incorporate supply and demand shocks. The
purpose is to study the impact of monetary policies on cross-country output corre-
lations and money correlations. The extended model is as follows. We assume that
shocks hit the economy between the ﬁrst and second stages of the game, that is, after
LUs set nominal wages, but before the CBs react. This timing of the game follows














3A similar result is found by CCD (2004) for the case of monetary union.7.2. THE EXTENDED MODEL 119
The model is adjusted to incorporate these shocks and it yields the following equations
for c =1 ,2,
¯ pc − pc = θ +
1
α + η(1 − α)
[α(wc − pc) − (1 − α)(ρr − gc) − zc] (7.1)
yc = zc + α(l0 − uc) (7.2)
yc = gc − η(¯ pc − pc) − ρr (7.3)
p1 = s1¯ p1 + s2 (¯ p2 + e) (7.4)
p2 = p1 − e (7.5)
mc = pc + kc − β (r + π
e
c)+δyc. (7.6)
These are ten equations in ten variables, pc, ¯ pc, r, yc, uc, e for c =1 ,2.S o l v i n g t h e
system of equations yields
u1 = ξ0 − ξ11 (m1 − k1 + βπ
e
1 − w1)+ξ12 (m2 − k2 + βπ
e










where ξ0, ξ11, ξ12 are as determined in equation (2.30) and the rest of the coeﬃcients















τ [ν + αδη]
≷ 0.
A positive sign of ξ
z
11 shows that unemployment rises due to a productivity rise, because
the ﬁrms need a smaller workforce to produce the same output. This is the case if the
price elasticity is relatively small η<η crit, so that the lower prices set by ﬁrms do not
increase demand suﬃciently and ﬁrms need to cut the workforce. The critical price
elasticity, which solves the equation ξ
z




βs1 − (1 − δ)τ
.
Note that even if unemployment rises, i.e. ξ
z
11 > 0, a smaller but more productive




11 > 0.I f η>η ∗,t h e nξ
z
11 < 0,
meaning that unemployment falls due to a productivity rise, because ﬁrms set lower
prices, which creates suﬃciently higher demand for goods that cannot be met with the120 CHAPTER 7. INTERNATIONAL MONETARY REACTIONS TO SHOCKS













τ [ν + αδη]
≷ 0.
A foreign productivity shock has two eﬀects on the home unemployment rate. First,
there is a substitution eﬀect due to lower prices set by foreign ﬁrms, reﬂected in
equation (7.1), which transfers output to the more productive, and therefore more
competitive foreign economy, and leads to higher home unemployment. Second, there
is an interest rate eﬀect: due to lower prices, real money balances rise and the real
interest rate falls, as equation (7.6) implies. That increases the demand for goods in
both countries and leads to lower home unemployment. If η>
ρ
β, the substitution
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τ [ν + αδη]
≷ 0.
The ﬁrst eﬀect is the rise in foreign demand for both home and foreign goods, which
reduces home unemployment. The second eﬀect is a rise in the interest rate, because
foreign prices rise and real balances fall. The interest rate rise reduces demand in the
home economy and home unemployment rises. If η>
ρ
β,t h eﬁrst eﬀect dominates and
otherwise the second eﬀect dominates.
Solving the system of equations (7.1)-(7.6) yields the CPI price level in country 1,5
p1 = χ0 + χ11 (m1 − k1 + βπ
e














where χ0, χ11, χ12, χw
1 are given in equation (2.33) and the rest of the coeﬃcients are
4Note that lower prices create higher demand for goods through two channels, (i) by raising the
competitiveness of the country’s product as its relative price goes down, and (ii) by raising the level
of real money balances, which reduces the real interest rate and increases the demand for goods.









τ [ν + αδη]
< 0.
The domestic price level falls due to a positive productivity shock, because ﬁrms can








τ [ν + αδη]
< 0.
The home price level falls due to a foreign productivity shock, because imported goods








s1 (1 − α + αδ)γ − αδτ
τ [ν + αδη]
≷ 0.
The demand shock has two eﬀects on domestic inﬂation. First, due to higher demand,
ﬁrms raise their prices. Second, the transactions demand for money balances increases.
As a consequence, the real interest rate rises, as shown by equation (7.6). However,
the interest rate rise is limited by capital inﬂows from the foreign economy. Due to
capital inﬂows the home currency appreciates, imported foreign goods become cheaper
in home currency and home inﬂation falls. Note that home producer prices (the PPI,
¯ p1) do not fall along with the general price level (the CPI, p1), but rise. Also note that
the CPI does not fall either, but rises, if trade with the foreign economy is insigniﬁcant,
i.e. s1 =1 . This underscores that the fall in the CPI is indeed the result of cheaper
imports that are due to the appreciation of the home currency. If the country is
inﬁnitesimal, s1 =0 , then the CPI must fall, as reﬂe c t e di ne q u a t i o n( 7 . 6 ) ,b e c a u s e
the real interest rate cannot be inﬂuenced by the inﬁnitesimal economy, and expected
inﬂation and monetary policy are given. However, if the country is not too small,
s1 >s crit
1 then the real interest rate can adjust suﬃciently and the exchange rate
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s2 (1 − α + αδ)γ
τ [ν + αδη]
> 0.
The foreign demand shock increases the home price level, because of more expensive122 CHAPTER 7. INTERNATIONAL MONETARY REACTIONS TO SHOCKS
imports. The CB’s ﬁrst order condition is given in (2.35). In matrix form, the ﬁrst
order conditions are
AmM + AwW + A0 + AzZ + AgG = 0.




















































Expressing the money supply yields
M = −A
−1




































with respect to the nominal wage wic.T h eﬁrst order conditions are
−Zwc + AZucE {uic} =0 .
Solving the system of equations composed of the LUs’ ﬁrst order conditions yields
the expected nominal wage. The LU sets the equilibrium nominal wage equal to the
expected nominal wage. Since the equilibrium nominal wage is ﬁx e di nl a b o rc o n t r a c t s
in the ﬁrst stage of the game, the shocks that hit the economy in subsequent stages
do not change the ﬁxed equilibrium nominal wage.7.3. MONETARY REACTIONS TO SHOCKS 123
7.3 Monetary Reactions to Shocks
It is intuitively straightforward that money balances are correlated in countries that
have a ﬁxed exchange rate arrangement. However, it is less clear how the money sup-
plies are related if the CBs have independent monetary policies and ﬂoat the exchange
rate. We show that the money supplies of independent CBs that ﬂoat are in fact
correlated. Cukierman, Rodriguez and Webb (1997) support this result with empirical
evidence for the cross-country correlation of money supplies.
Deﬁnition 2 A CB is relatively conservative, if it does not accommodate a nominal
wage increase, i.e. Ic ≥ Icrit
c ,w h e r eIcrit





Assuming that only productivity shocks hit the two economies, we ﬁnd the following
reactions from the CBs.
Proposition 7.1 The monetary reactions of relatively conservative CBs to indepen-
dent productivity shocks, are positively correlated. The covariance of the money sup-
plies is larger than the covariance of the productivity shocks.
Proof. See Appendix 7.6.1.
A positive home productivity shock reduces the domestic inﬂation rate and domes-
tic unemployment may move in either direction. If unemployment rises, the domestic
CB expands the money supply. If unemployment falls, the CB expands the money
supply, provided that it is relatively conservative, because the CB puts relatively more
weight on ironing out changes in inﬂation. Hence, a relatively conservative CB unam-
biguously increases the home money supply. The same productivity shock reduces the
foreign inﬂation rate and the foreign unemployment rate may move in either direction.
Similarly to the home CB, the foreign CB unambiguously increases the foreign money
supply provided that it is relatively conservative. Therefore, the monetary reactions
of relatively conservative CBs to independent productivity shocks are positively cor-
related.
Proposition 7.2 The monetary reactions to independent demand shocks are positively
correlated if (i) the countries are not too small in size, s1 >s crit
1 , s2 >s crit
2 , and (ii)
the substitution eﬀect on goods demand is stronger than the liquidity eﬀect, η>ρ / β .
Proof. See Appendix 7.6.2.124 CHAPTER 7. INTERNATIONAL MONETARY REACTIONS TO SHOCKS
A positive demand shock in the home country creates a fall in the unemployment
rate and a rise in the inﬂation rate if the country is not too small. In response, the CB
contracts the money supply. Abroad, the same shock reduces foreign unemployment
if η>
ρ
β (i.e. if the substitution eﬀect is stronger than the monetary liquidity and
real balance eﬀect), and the shock increases the foreign inﬂation rate. In response, the
foreign CB contracts the money supply. Hence, the two CBs move the money supplies
in the same direction in response to a demand shock.
If the country is relatively small, s1 <s crit
1 ,t h e nb o t hi n ﬂation and unemployment
fall as a result of a positive demand shock. In this case it depends on CB conserva-
tiveness how the CB will react. Positive correlation of money supplies results in the
case of suﬃciently populist CBs, provided that η>ρ / β .
7.4 Output Correlations
Taking into account the endogenous reactions of monetary policies to shocks, next we
investigate how shocks aﬀect the cross-country correlations in output. Output is a
function of the unemployment rate on the basis of equation (7.2). Assuming there are
only productivity shocks, the covariance of output in the two countries is
cov (y1,y 2)=cov (z1 − αu1,z 2 − αu2).
Substituting equation (7.7) into the above yields





Substituting the expressions of the money supplies from (7.10), we obtain















































































Since all the coeﬃcients λ
z Â 0, the correlation of output across countries is higher
than the correlation of the productivity shocks. The following proposition summarizes
these results.
Proposition 7.3 Output is positively correlated across countries, if the productivity
shocks are independent, in the presence of optimal monetary policy. The covariance of
output across countries is higher than the covariance of productivity shocks.
Proof. The proof is above.
Following a positive productivity shock in the home country, domestic inﬂation
falls and output increases. The optimal reaction of the CB merely balances the two
v a r i a b l e s ,b u ti td o e sn o tc h a n g et h ed i r e c t i o no fm o v e m e n t .T h es a m ep o s i t i v eh o m e
productivity shock creates three eﬀects on foreign output. The direct eﬀect is the
reduction of competitiveness of the foreign products as the products made in the
home country become cheaper, which reduces foreign output. This dominates the
eﬀect of the rise in real money balances, due to lower home and foreign price levels,
which reduce the real interest rate and increase the demand for foreign goods, if η>
ρ
β.
Lower foreign demand and cheaper imports reduce the foreign inﬂation rate.
The third eﬀect on foreign output is the foreign monetary expansion. The expansion
of the foreign money supply is in response to the falling foreign inﬂation rate and the
rising foreign unemployment rate. We are interested in the relative strength of these
eﬀects in opposite direction. For this purpose, we consider the following thought
exercise. We assume that in response to the home productivity shock the foreign
CB reacts in two stages. As a ﬁrst reaction, the CB keeps inﬂation unchanged by
transforming the fall in inﬂation into a fall in unemployment along the Phillips curve.
As a second reaction, the CB balances unemployment and inﬂation optimally. From
equation (7.8) transposed for country 2, we ﬁnd the necessary increase in foreign money
balances to stop inﬂation from falling (dp2 =0 ),
0=χ22dm2 + χ
z
21dz1,126 CHAPTER 7. INTERNATIONAL MONETARY REACTIONS TO SHOCKS





dz1 > 0. (7.11)
Next we look at the eﬀects on the foreign unemployment rate. By diﬀerentiating
equation (7.7) transposed for country 2, with respect to m2 and z1,w eo b t a i n
du2 = −ξ22dm2 + ξ
z
21dz1. (7.12)
The ﬁrst term reﬂects the eﬀect of the monetary intervention and the second term
reﬂects the direct eﬀect of the productivity shock. Substituting the monetary reaction
dm2 from (7.11) into (7.12) and rearranging yields
du2 = −
s1
(1 − α)(ν + αδη)+αγs1
dz1 < 0.
It shows that the home productivity shock generates a net fall in foreign unemploy-
ment, if the CB keeps inﬂation unchanged. However, in the next stage of the thought
exercise the CB reacts optimally to balance the falling unemployment rate with the
zero change in inﬂation. The optimal monetary reaction moderates the fall in un-
employment and allows for a fall in inﬂation. The ﬁrst-order condition of the CB,
equation (2.35), shows that both unemployment and inﬂa t i o nm o v ei nt h es a m ed i r e c -
t i o n .H e r ew eh a v es h o w nt h a td u et oap o s i t i v eh o m ep r o d u c t i v i t ys h o c k ,b o t hf o r e i g n
unemployment and foreign inﬂation fall. Thus, in both countries output increases. It
follows that movements in output, generated by independent productivity shocks, are
positively correlated across countries.
Equation (7.7) shows that an expansionary ﬁscal policy shock g1 raises output in
the home country and in the foreign country as well, creating a locomotive eﬀect,
if η>
ρ
β and if monetary policy is exogenous. However, ﬁscal expansion creates a
beggar-thy-neighbor eﬀect, if monetary policy is endogenous.
Proposition 7.4 Output is negatively correlated across countries, if the demand shocks
are independent, in the presence of optimal monetary policy. The covariance of output
across countries is smaller than the covariance of demand shocks.
Proof. See Appendix 7.6.3.
A home demand shock has two eﬀects on foreign output: a positive eﬀect, which
increases the demand for foreign goods and an opposite eﬀect from monetary policy,7.5. CONCLUSIONS 127
which contracts to moderate inﬂation. For the purpose of establishing the relative
strength of the two eﬀects we transform the cost of inﬂation into a cost of unemploy-
ment along the Phillips curve. If the CB keeps inﬂation unchanged, it has to contract




where we assume that dp2 =0 , dw1 =0 ,d w 2 =0 , dm1 =0 . Rearranging yields the






dg1 < 0. (7.13)
From equation (7.7) transposed for country 2, we obtain
du2 = −ξ22dm2 + ξ
g
21dg1. (7.14)
The ﬁrst term shows the eﬀect of the monetary contraction and the second term shows
the direct eﬀect of the demand shock. Substituting (7.13) into (7.14) yields
du2 =
(1 − α + αδ)s1
(1 − α)(ν + αδη)+αγs1
dg1 < 0.
This shows that the cost of inﬂation, expressed in terms of the cost of unemployment, is
larger than the beneﬁts of the higher home demand for the foreign goods. The optimal
reaction by the CB balances this cost between the rise in unemployment and inﬂation.
Thus, the positive demand shock creates higher output at home but lower output
abroad. It follows that independent demand shocks generate a negative correlation in
output.
7.5 Conclusions
The ﬁnal chapter of the thesis presents a stochastic version of the two-country frame-
work of chapter 2. By considering supply and demand shocks, the model reveals a
mechanism that is able to explain several observations in the data, such as the output
anomaly of RBC models or the correlation of monetary policies even under free ﬂoat-
ing. This mechanism is the optimal monetary policy reaction to shocks, which reverses
the well known eﬀects of shocks across countries in models with exogenous monetary128 CHAPTER 7. INTERNATIONAL MONETARY REACTIONS TO SHOCKS
policy. Thus, in this model a home demand shock, such as a ﬁscal policy shock, has
a beggar-thy-neighbor eﬀect (foreign output falls) and a home supply shock, such as
a productivity shock, has a locomotive eﬀect (foreign output increases). A dynamic
version of this model could better relate to RBC models and that is left for further
research.
7.6 Appendix
7.6.1 Proof of Proposition 7.1
Substituting Icrit
1 into the expression of hz
11, we obtain that hz
11 (Icrit
1 ) Â 0.S i n c e
dhz
11/dI1 Â 0, it implies that hz
11 (I1) Â 0 for any I1 ≥ Icrit
1 . Substituting Icrit
2 into
the expression of hz
21,w eo b t a i nt h a thz
21 (Icrit
2 ) Â 0.S i n c e dhz
21/dI2 Â 0,i ti m p l i e s
that hz
21 (I2) Â 0 for any I2 ≥ Icrit
2 . Reversing the indices 1 and 2 yields hz
22 Â 0 and
hz



























The positive sign of the coeﬃcients implies that cov (m1,m 2) >c o v (z1,z 2).T h e
correlation of the money supplies is positive if the shocks are independent,
i.e. corr(m1,m 2) > 0 if cov (z1,z 2)=0 .
7.6.2 Proof of Proposition 7.2
Diﬀerentiating the CB’s ﬁrst order condition −ξ11u1 + I1χ11π1 =0from (2.35) with





11∂g1 + I1χ11 (χ11∂m1 + χ
g
11∂g1)=0 .
Assuming s1 >s crit
1 ,t h ec o e ﬃcient χ
g
11 > 0. Except for ξ
g
11 < 0, the rest of coeﬃcients
are positive. Rearranging the above equation it follows that
∂m1
∂g1 < 0,g i v e ndm2 =0 .





12∂g2 + I1χ11 (χ11∂m1 + χ
g
12∂g2)=0 .7.6. APPENDIX 129
Assuming η>
ρ
β,t h ec o e ﬃcient ξ
g
12 < 0 and the rest of the coeﬃcients are positive.
That implies ∂m1
∂g2 < 0,g i v e ndm2 =0and ∂m2
∂g1 < 0,g i v e ndm1 =0 . Allowing for an













































β,w eo b t a i n1 > ∂m1
∂m2 Â 0. That implies h
g
11 = dm1




dg1 ≺ 0. Reversing the indices 1 and 2 yields h
g
22 ≺ 0 and h
g
12 ≺ 0. The covariance of


























21)cov (g1,g 2) > 0.
The correlation of the money supplies is positive if the shocks are independent,
corr(m1,m 2) > 0 if cov (g1,g 2)=0 .
7.6.3 Proof of Proposition 7.4
The covariance of output is obtained using equations (7.2) and (7.7),
cov(y1,y 2)=cov (−αu1, − αu2)





Substituting the expressions of the money supplies from (7.10), we obtain















































































The sign of the coeﬃcients implies that cov (y1,y 2) <c o v(g1,g 2). It also implies that
corr(y1,y 2) < 0 if cov (g1,g 2)=0 .Bibliography
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Deze thesis presenteert een model van een open economie om de strategische interacties
tussen vakbonden en centrale banken in twee landen te analyseren. Ten eerste wordt
een twee-landen ﬂexibele wisselkoers model ontwikkeld. De bijdrage van dit model aan
de literatuur bestaat uit het analyseren van strategische interacties tussen vakbonden
en twee centrale banken binnen een open economie. Het model laat zien dat een
uitermate conservatieve centrale bank de economische prestaties van het andere land
verbetert.
Vervolgens worden de economische consequenties van het vervangen van een ﬂexi-
bele wisselkoers systeem door een monetaire unie binnen een open economie besproken.
H e tl a a tz i e nd a th e tﬁxeren van de wisselkoers een vlakkere Phillips curve creëert en
tevens de agressiviteit van de looneisen van de vakbonden verhoogt. Daardoor heeft
een monetaire unie hogere werkloosheid en inﬂatie tot gevolg.
Daarna wordt de vervanging van een vaste wisselkoers door een monetaire unie on-
derzocht. In vergelijking met bestaande literatuur laat de open economie benadering
tegenovergestelde resultaten zien. De thesis onderzoekt tevens de interacties indien
vaste en ﬂexibele wisselkoersen tegelijkertijd bestaan. Het vervangen van de verschei-
dene beleidsstelsels door een monetaire unie levert een meer realistische weergave van
de Economische en Monetaire Unie op. Dit drie-landen model wordt tevens gebruikt
voor het onderzoeken van de eﬀecten van het creëren van de monetaire unie op een
land buiten de monetaire unie.
Het laatste hoofdstuk presenteert een stochastische versie van het basismodel, dat
wil zeggen twee-landen ﬂexibel wisselkoers model. We onderzoeken hoe een optimaal
monetair beleid reageert op vraag- en aanbodschokken. De bevindingen laten zien
dat een optimaal monetair beleid de directe eﬀecten van een productiviteitsschok op
de buitenlandse productie omkeert. Dus het model onthult een mechanisme dat de
output-anomalie van Backus, Kehoe en Kydland (1993) kan verklaren, dat wil zeggen
productiviteitsschokken genereren een positieve outputcorrelatie tussen landen. Het
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begrijpen van deze mechanismen stelt beleidsmakers in staat om de strategische im-
plicaties van het ontwerpen van instituties en van beleid binnen een open economie te
overzien.